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ABSTRACT
HPA-AXIS RESPONSES TO INTERPERSONAL STRESS
AMONG SOCIALLY ANXIOUS OLDER ADOLESCENTS
MAY 2007
ELIZABETH SEELEY, B.A., FLORIDA STATE UNIVERSITY
ED.M., HARVARD UNIVERSITY
M.S., UNIVERSITY OF MASSACHUSETTS AMHERST
Ph.D., UNIVERSITY OF MASSACHUSETTS AMHERST
Directed by: Professor Sally I. Powers
Hypothalamic-pituitary-adrenal (HPA) axis dysregulation is linked to physical health problems
and several psychiatric disorders, but is not well documented for social anxiety disorder (SAD).
SAD often emerges in adolescence and precedes several other psychiatric disorders. Therefore,
HPA-axis responses to a negotiation stress task between romantic partners in 18 SAD older
adolescents and 18 matched controls were examined. The SAD group displayed significant
anticipator)' cortisol reactivity and significantly delayed recovery after the task. There were no
significant group differences in cortisol reactivity to the task. The SAD group’s average
cortisol levels tended to be lower across all measurement times and this was significant for
SAD males. Exploratory analyses revealed positive associations between subjective stress and
cortisol - particularly for the SAD group.
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CHAPTER 1
SOCIAL ANXIETY DISORDER
Introduction
Social anxiety disorder (SAD) refers to an intense fear of evaluation and scrutiny from
others (Westenberg, 1998). Some researchers have pointed out that SAD is among the least
understood of the anxiety disorders (e.g., Katzelnick & Greist 2001; Sheeran, Thomas &
Zimmerman, 2002). But while SAD has received increased attention in the psychological and
psychiatric literatures, few studies have focused on adolescent populations with SAD. Studies
of adolescents with SAD are important because the disorder has a mean onset between 13 and
20 years of age (Moutier & Stein, 1999). SAD has also been found to be a risk factor for other
disorders. One epidemiological study found that SAD’s onset precedes those of other disorders
in 77% of individuals with additional diagnoses (Schneier, Johnson, Hornig, Liebowitz, &
Weissman, 1992).
Due to its health implications, cortisol, a stress hormone secreted from the adrenal
gland, has also garnered a great deal of attention in the psychological and psychiatric
literatures. Many researchers have investigated the relation between cortisol and psychological
disorders, such as major depression (e.g., Carroll, Curtis, Davies, Mendels, & Sugarman, 1976),
and post-traumatic stress disorder (PTSD; e.g., Heim et al., 2000; Yehuda, 2000). However,
very few studies address cortisol reactivity to psychological or behavioral stress in individuals
with SAD and the evidence put forth by the studies that have addressed this issue is mixed.
There is good reason to investigate the HPA axis functioning in persons with SAD. Studies
have shown that behavioral inhibition may be a precursor to SAD (Kagan & Snidman, 1999;
Rettew, 2000). Behaviorally inhibited and shy children tend to exhibit HPA axis hyper-
reactivity in response to behavioral stress (Granger, Weisz, McCracken, Ikeda, & Douglas,
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1996; Smider et al., 2002) and importantly, the hypothalamic-pituitary-adrenocortical (HPA)
axis dysfunction is associated with negative health outcomes (Linden, Earle, Gerin, &
Christenfeld, 1997; McEwen, 1998; Sapolsky, Romero, & Munck, 2000). Therefore, the
current study will investigate cortisol reactivity to an interpersonal stress task (a conflict
discussion with a romantic partner) among older-adolescents diagnosed with SAD and an
individually matched compai'ison group of participants without SAD. Because self-perceptions
of stress and physiological indicators of stress have sometimes been found to be different
phenomena, a secondary investigation of participants’ own self-perceptions of their
anticipatoi'y stress reactivity and stress reactivity to the task will also be examined for group
differences and relations to endocrinological reactions to stress.
The Diagnosis of Social Anxiety Disorder
The Diagnostic and Statistical Manual of xMental Disorders (DSM-IV-TR; APA, 2000)
stipulates that the central feature of SAD is a marked and persistent fear of social or
performance situations in which embarrassment may occur (APA, 2000). These negative
expectations lead individuals with SAD to avoid situations that they believe will call attention
to themselves and will elicit evaluations from others (e.g., public speaking, walking into a room
full of people). For example, persons with SAD who are afraid of public speaking may worry
that their voices or hands may tremble when speaking and that they may appear unable to speak
coherently. Individuals with SAD typically report that they are worried that others will find
them to be '‘anxious,” “weak,” “crazy,” or “stupid” (APA, 2000).
For the diagnosis of SAD, individuals must consistently react to social situations with
an anxiety response, some of which may be severe enough to take the form of a situationally-
bound panic attack (APA, 2000). Adults, as well as adolescents, generally recognize their feai's
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to be excessive but children may not possess this insight. Individuals must also avoid the
feared social or performance situations due to their anxiety but some persons may report
enduring these experiences with intense distress. DSM-IV-TR criteria also mandates that a
diagnosis of SAD is only appropriate if individuals report at their avoidance or anxiety
interferes significantly with some aspect of their lives or if it causes significant distress. For
example, a person who is fearful of speaking in public may experience significant interference
if he or she is in a work or academic situation that requires speaking in front of others.
However, if this person does not encounter public-speaking situations often, a diagnosis cannot
be given based on the fear of public-speaking alone unless he or she is particularly distressed
about having the fear. Finally, DSM-IV-TR criteria for a SAD diagnosis require that symptoms
cannot be better accounted for by the effects of a substance or a general medical condition (e.g.,
stuttering; APA, 2000).
Although some SAD symptoms may appear to be similar to the more common
experience of shyness, one of the differences between shyness and SAD is in the severity of
fear and avoidance reactions (Turner, Beidel, & Townsley, 1990). Unlike most shy individuals,
persons with SAD typically experience anticipatory anxiety and severe dread occurring well in
advance of an upcoming social or performance situation. In addition, persons with SAD may
go to great lengths to avoid these anxiety-inducing experiences despite the negative
consequences of avoidance (Schneier, et al., 1994). Further, unlike shy individuals, persons
with SAD report high levels of distress due to their fears (Feldman & Rivas-Vazquez, 2003)
and the impact of their symptoms on their lives may be devastating.
Social anxiety disorder was originally included in the third edition of the DSM (DSM-
III; APA, 1980) but was referred to as “social phobia.” During the preparation of the fourth
edition of the DSM (DSM-IV; APA, 1994), the Taskforce on Anxiety Disorders recommended
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that the name be changed from “social phobia” to “social anxiety disorder” to account for the
pervasive nature of the disorder and to differentiate it from specific phobias. It was also
thought that this change in name may more accurately reflect the debilitating effect of the
disorder, as well as raise awareness for the disorder (Liebowitz, Heimberg, Fresco, Travers, &
Stein, 2000).
There are two subtypes of SAD. SAD generalized type describes an individual who is
anxious in at least three social or performance situations. SAD nongeneralized type describes
an individual who is fearful of at least one but not most social or performance situations (APA,
2000). The nongeneralized subtype of SAD comprises a more heterogeneous group with
respect to severity. Persons diagnosed with the generalized subtype of SAD, however, are
more likely to exhibit social skills deficits, may have more severe social and work impairments
(APA, 2000), and may be more difficult to treat than persons diagnosed with the
nongeneralized subtype (Lang & Stein, 2001). With respect to the nongeneralized subtype, the
most commonly feared situations are public speaking, using a public restroom, eating in public
or writing in front of others (APA, 2000). Public speaking is the single most common social
fear (Furmai'k et al., 1999; Stein, Walker, Forde, 1996) and has been thought to be a hallmark
of SAD (Stein et al., 1996; Brunello et al., 2000). More than half of all persons diagnosed with
SAD are especially fearful of speaking in public, regardless of the public-speaking context such
as size or the make-up of the audience (Lang & Stein, 2001).
The Effects of Social Anxiety Disorder
The consequences of living with SAD are extremely destructive for the individual and
society at large. For individuals with SAD, it is typical that the social, interpersonal, and
occupational aspects of their lives are significantly compromised (Schneier et al., 1994). In
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comparisons with the general population, individuals with generalized SAD are less likely to
graduate from college, earn approximately 10% less in wages, report higher rates of
unemployment, and are more frequently receive disability or welfare assistance (Katzelnick et
al., 2001). Persons with SAD commonly report being unfulfilled in their personal
relationships. Specifically, persons with SAD report a high degree of martial discord and
greater difficulty in getting married (Bodinger et al., 2002). Overall, individuals with SAD
have been found to have a lower perceived quality of life (Simon et al., 2002). The societal
impact of SAD is also significant because the disorder is associated with decreased
productivity, high usage of health care resources, and direct and indirect costs that are similar
to those associated with depression (Katzelnick et al., 2001). The average lifetime duration of
SAD is 20 years and the disorder is unlikely to remit spontaneously (Moutier & Stein, 1999).
Therefore, unlike many other disorders, including some other anxiety disorders, SAD is not
episodic but rather it is a chronic condition (Cuthbert, 2002).
The Prevalence of Social Anxiety Disorder
Prevalence rates for SAD are relatively high with estimates of lifetime prevalence
varying from 2.4% to 13.3% (Kessler et al., 1994; Schneier et al., 1992). Ballenger and
colleagues (1992) found that SAD occurs more frequently in the general population than does
any other anxiety disorder. They found lifetime prevalence rates of SAD to be 10-15% in the
community and 5-7% in primary care populations. In managed health care settings, the
prevalence of current generalized SAD was found to be 8.2%, and in a general practitioner
setting, a one-month prevalence was found to be 4.9% (Katzelnick et al., 2001 ; Weiller et al.,
1996). It is thought that prevalence rates may be higher than what has been reported because
the disorder is often under-recognized and under-diagnosed (Katzelnick et al., 2001; Lecrubier,
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1998). One reason for the under-recognition of SAD is that individuals with SAD are often
reluctant to seek treatment (Schneier et al., 1992). In addition, results from general practice
studies found that patients are often not diagnosed with SAD unless they report a comorbid
psychiatric disorder (Lecrubier, 1998). Many persons with SAD have historically been single,
female, and from less educated backgrounds. However, this trend has shifted to include more
males, educated, and married persons (Lepine, 2002). Epidemiological and community-based
studies have found that females tend to be diagnosed with SAD more frequently than males.
However, in the majority of clinical samples, gender differences are not found, and if they are
reported, males are represented more (APA, 2000).
Comorbiditv in Social Anxiety Disorder
Comorbid disorders are very common in persons with SAD and tend to include other
anxiety disorders, mood disorders, and alcohol and drug abuse (Kessler, Stein, & Berglund,
1998). In a study of individuals diagnosed with SAD, approximately half had a current
comorbid psychiatric disorder (Katzelnick et al., 2001; Kessler et al., 1998). Individuals with
social anxiety disorder and comorbid diagnoses experience increased disabilities, suicidality,
and more severe functional impairments (Ballenger et al., 1998; Lecrubier, 1998; Lydiard,
2001). Further, early-onset SAD may also be a risk factor for depression (Ballenger et al.,
1998; Stein, et al., 2001) and SAD may put individuals at risk for substance abuse disorders,
such as nicotine and alcohol dependence (Lecrubier, 1998). Considering the overall impact of
SAD, it has been proposed that early interventions that help prevent the emergence of comorbid
conditions are critical. These preventative measures may not only benefit the individual but
they may also result in saving the U.S. economy billions of dollars annually (Lydiard, 2001).
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CHAPTER 2
ETIOLOGY OF SOCIAL ANXIETY DISORDER
There are various theories that address the etiology of SAD. Although most current
theories attempt to explain the emergence of SAD from one perspective (e.g., environmental or
genetic), most researchers think of SAD as a disorder that emerges through a complex
interaction of biological, environmental, and psychological factors. To date, no one model has
fully explained the etiology of the disorder. Among other researchers, Rosen and Schulkin
(1998) proposed that all anxiety disorders are stress-related conditions with an endocrine
reaction that activates the HPA axis, resulting in an increase in cortisol (Axelrod & Reisine,
1984). This theory for anxiety disorders builds on related models that emphasize the role of the
HPA system in the pathophysiology of anxiety and depression (e.g., Schulkin, McEwen, &
Gold, 1994; Schulkin, Gold, & McEwen, 1998). Rosen and Schulkin (1998) argue that during
a fearful state, the increased release of glucocorticoids and neuropeptides (especially the
corticotrophin-releasing hormone, CRH) enhances the excitability of fear circuits and plays an
important role in the organization of anxiety that becomes pathological in animals and humans.
The theory stipulates that pathological anxiety is a reflection of the intensification of normal
anticipatory anxiety (AA). Freezing, autonomic changes (e.g., elevations in sympathetic
discharge), increased neuroendocrine activity (e.g., higher levels of glucocortoids), heightened
reflexive responses to sensory stimuli (e.g., startle responses), hypoalgesia, and increased
urination and defecation are all involved in AA (Rosen & Schulkin, 1998). The theory also
argues that the amygdala and its connected areas play a primary role in AA (see also Le Doux,
1996). The theory posits that the hyper-excitability of the CRH-HPA system develops a critical
biological diathesis for the emergence of anxiety disorders, possibly including SAD (Rosen &
Schulkin, 1998). The bulk of the current research that addresses the role of the HPA system
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with anxiety disorders stems from this framework and support for this theory has been found
(e.g. Granger et al., 1996). However, achieving a more complete understanding of the etiology
of SAD requires placing Rosen and Schulkin’s theory within the context of other prominent
theories that address other contributions to the emergence of SAD.
Genetic Perspective
Behavioral genetic studies have found evidence of links for SAD among family
members. First-degree relatives of persons diagnosed with SAD are three times more likely to
have SAD when compared to first-degree relatives of individuals without SAD (Fyer,
Mannuzza, Chapman, Liebowitz, & Klein, 1993). Using a twin study design, other researchers
have found that genetic influences accounted for 42% of the variance in the feai‘ of negative
evaluation, a central symptom of SAD (Stein, Jang, & Livesly, 2002). Similarly, there is a
great deal of evidence for genetic influences on behavioral inhibition (BI), which is the
tendency to exhibit fear, avoidance, and withdrawal when exposed to unfamiliar stimuli (Kagan
et al., 1987). Some individuals may be characterized as either “inhibited” or “uninhibited”
depending on their tendency to withdraw or approach novel stimuli and BI is associated with
increased heart rate, saliva production, pupil dilation and laryngeal muscle tension (Kagan,
1994). Rosenbaum, Biederman, Pollock, and Hirshfield (1994) proposed that BI may be a
diathesis for anxious symptomology and others have suggested that BI may be a precursor for
SAD (Kagan & Snidman, 1999; Rettew, 2000). BI in children has been found to be associated
with high levels of cortisol (de Haan, Gunnar, Tout, Hart, & Stansbury, 1998; Smider et al.,
2002; Watamura, Donzella, Alwin, & Gunnar, 2003). For example, in a study of preschool
children, cortisol levels were found to be associated with social wariness during a behaviorally
stressful experience (Smider et al., 2002). Given the evidence for the genetic transmission of
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SAD and BI, the relation between BI and SAD, and the associations between BI and cortisol in
very young children, it is possible that an excitable HPA system or the diathesis for one may be
genetically transmitted.
Environmental Perspective
Parental influences may play a role in the development of SAD. Parental
psychopathology has been linked with pai'enting styles that ai'e characterized by low warmth,
rejection, restrictiveness, using shame as a form of discipline, and excessive worry about the
opinions of other people (Ollendick & Hirshfeld-Becker, 2002). Early experiences with
primary caregivers who have maladaptive attitudes and behaviors may encourage children to
become more self-critical and excessively fearful of negative evaluations. Moreover, parental
anxiety may promote fewer social interactions, a tendency to expect negative social
evaluations, and model fear in social situations (Bruch, 1989; Ollendick & Hirshfeld-Becker,
2002). The intersection between caregiver influences and the emergence of SAD may be found
in the repeated encounters between a child and caregiver in which negative evaluations or
criticisms are commonplace. It is possible that such children develop hyper-sensitive arousal to
the continued threat of criticism from caregivers. For example, a biological anthropological
study conducted in the Caribbean by Durbrow, Gunnar, Bozoky, Adam, & Jimerson (2000; as
cited in Gunnar, 2001) revealed that for some children who tend to fail at schoolwork, being
negatively evaluated at school and the use of harsh disciplinary practices consistently resulted
in 3 to 4-fold increases in cortisol each morning before these children attended school. It
remains to be determined whether these elevations will actually lead to anxiety in the children
in this study. However, this evidence demonstrates that in the everyday lives of some children.
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frequent and significant elevations of cortisol are demonstrated in reaction to the anticipation of
stressful experiences.
Another factor that may contribute to the development of SAD is individuals’
experiences of peer rejection and humiliation. Sternberger, Turner, Beidel, and Calhoun (1995)
found that 44-58% of adults with SAD were capable of isolating a specific embarrassing event
in their lives that was related to either the onset or the exacerbation of their disorder. Thirteen
to sixteen percent of adults with SAD reported having seen a traumatic social experience of
another person that affected them significantly. In addition, repetitive peer rejection has been
found to promote excessive sensitivity to scrutiny or fear of social interactions (Beidel &
Turner, 1998). Further, Gunnar, Sebanc, Tout, Donzella, & van Dulmen (2003) found peer
rejection to be related to higher levels of cortisol. It is possible that a hyper-sensitive HPA
system may be a mechanism underlying the role of the environmental etiology of SAD.
Neurobiological Perspective
Neurobiological explanations of SAD are in the early stages but will undoubtably help
to explain the emergence of SAD. Mathew, Coplan, & Gorman (2001) viewed SAD as a
neurodevelopmental disorder brought about by environmental events. Some speculative
models propose that the orbitomedial prefrontal region and cingulated cortices (in particular the
amygdala) are relevant to SAD (Adolphs, 2001 ). The amygdala, a part of the limbic system, is
located in the anterior temporal lobe and has been found to work in conjunction with the brain
stem, hypothalamus, hippocampus, basal ganglia, and the neocortex (Amaral, 2002). The
amygdala interacts with areas of the brain that are responsible for the regulation of
neurotransmitters such as norepinepherine, dopamine, and acetylcholine, affecting processes
such as attention, memory, motivation, and the flight or fight responses (Coupland, 2001).
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Functional imaging techniques have been applied to the examination of SAD and have revealed
interesting results. Bell, Malizia, and Nutt (1999), using positron emission tomography (PET)
scans, found that when persons with SAD are asked to imagine themselves in socially anxious
situations, a distinct activation pattern is revealed among the amygdala, orbitofrontal cortex,
and several interrelated brain regions. A functional magnetic resonance imaging (fMRI) study
also implicated the amygdala in the pathophysiology of SAD. In this study, neutral face stimuli
elicited greater bilateral amygdala activity in individuals with SAD when compared to
participants without the disorder (Birbaumer et al., 1998). Anatomical connections between the
amygdala, hippocampus, and hypothalamus facilitate activation of the HPA axis. Sensoiy
information arriving at the lateral part of the amygdala is processed and conveyed to the central
nucleus, which contains projections to several parts of the brain involved in responses to fear.
At the hypothalamus, fear-signaling impulses activate both the sympathetic nervous system and
the modulating systems of the HPA axis (Kandel, Schwartz & Jessell, 2000). Given these and
other links between the amygdala and HPA axis and the involvement of both in fear and
inhibition, it is likely that a comprehensive model of the etiology of SAD would include
neurobiological factors.
Cognitive Perspective
The over-estimation of threat has also been thought to promote the development and
maintenance of SAD. Muris, Merckelbach, and Damsma (2000) found that when socially
anxious children ages 8-13 were compared to children without social anxiety, the socially
anxious children were more likely to interpret threat and report negative feelings in response to
ambiguous situations. Once socially anxious children reach adolescence and adulthood, many
of their faulty cognitions have become automatic, resulting in the exacerbation and
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maintenance of their social anxiety. Therefore, cognitive influences such as unrealistic
thinking patterns have also been implicated in the etiology of SAD. Individuals with SAD tend
to overestimate the possibility of negative evaluation and experience more self-perceived
anxiety around inteipersonal interactions. These experiences may be due to their hyper-
vigilance for signs of negative evaluation and even to their own anxiety, (Arkin, Lake, &
Baumgardner, 1986; Rapee & Lim, 1993).
In summary, there are several theories that address the origins of SAD. Rather than one
or two theories in combination fully explaining the etiology of SAD, it is more likely that
genetic, environmental, neurobiological, and cognitive factors are all involved in complex
interactions that results in SAD. Given there has been so little research addressing the cortisol
reactivity to psychological stressors among persons with SAD, it is important that more
attention is paid to this area of investigation in order to further our understanding of the role the
HPA axis plays in the etiology of SAD.
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CHAPTER 3
HYPOTHALAMIC PITUITARY ADRENOCORTICAL AXIS & CORTISOL
The HPA axis is an important neuro-hormonal system involved in the mammalian stress
response. The HPA axis regulates the release of many neuro-hormones, one of which is
cortisol (Axelrod & Reisine, 1984). Cortisol is an important hormone that is associated with
psychological, physiological, and physical health functioning. The chain of events that leads to
the activation of the HPA axis begins with the frontal lobes and the thalamus receiving sensory
input from the environment and evaluating the significance of the input. These appraisals may
result in emotional responses that are mediated by the connections between the prefrontal
cortex and the limbic system (e.g., the amygdala and the hippocampus). The primary route for
the activation of the HPA axis lies between the limbic system and the hypothalamus. CRH
commences the activation of the HPA axis by stimulating the anterior pituitary to secrete
adrenocorticotropin hormone (ACTH). ACTH then stimulates the adrenal cortex to release
cortisol into the bloodstream (for review see Lovallo & Thomas, 2000; Sapolsky, Romero, &
Munck, 2000).
An extensive amount of attention has been paid to the HPA axis, and in particular
cortisol, within the psychological and psychiatric literatures and there are important reasons for
this focus. First, psychological stressors have been consistently shown to affect the HPA axis
by activating particular cognitive and affective processes and their associated brain structures.
In fact, over the last 10 years, there have been hundreds of studies that have documented the
influence of psychological factors on cortisol activation (Dickerson & Kemeny, 2004).
Second, the HPA axis is critical for sustaining normal physiological functions and cortisol is
vital to this end. Cortisol, an adrenal steroid, is important for the body's metabolic processes,
the body’s own anti-inflammatory processes, and in facilitating the necessary effects of
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catecholamines on the cai'diovascular system that promote vasoconstriction, the increase of
heart rate and other physiological processes (Dickerson & Kemeny, 2004). Third, activation of
the HPA axis is thought to have implications for physical health and disease. The advantages
of cortisol secretion during stress are limited to its acute rather than its chronic release.
Chronic elevation of cortisol is almost always deleterious. Hyper-secretion of cortisol has been
implicated in damaging hippocampal neurons and has been linked to suppression of
immunological processes including decreased lymphotocyte proliferation and cytokine
production (Boomershine, Wang, & Zwilling, 2001; McEwen, 1998). In addition, cortisol
hyper-secretion has been found to be associated with the development and the maintenance of
particular chronic diseases such as diabetes and hypertension (McEwen, 1998; McEwen &
Stellar, 1993). Hence, illuminating what stressors elicit cortisol reactions may facilitate the
understanding the emergence and aggravation of particular health problems.
The Assessment of HPA Axis Functioning
Researchers who have studied cortisol within psychiatric populations have focused on
various aspects of HPA axis functioning. Examining basal (resting) cortisol levels offers
insight into the resting activity of the HPA axis at one or more points in time. With respect to
anxiety disorders, some abnormalities have been found in basal cortisol levels but, overall, the
findings have been inconsistent. The most studied anxiety disorder within the HPA axis
literature is PTSD and, not surprisingly, this literature is the most inconsistent and complex.
However, in general, more studies seem to find that basal cortisol levels in persons with PTSD
are either higher or similar to normal levels (for a review, see Heim et al., 2000; Yehuda,
2000). Similarly, within the panic disorder research, most studies have found that panic
patients have a normal or slightly elevated baseline level of cortisol (see Charney & Bremner,
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1999). With respect to SAD, there is substantial evidence that basal cortisol levels are similar
to normal levels. To this author’s knowledge, no studies have reported significant differences
in basal cortisol levels between individuals with SAD and normal volunteers (e.g., Potts,
Davidson, Krishan, Doraiswamy, & Ritchie, 1991; Uhde, Tancer, Gelernter, & Vittone, 1994).
Another form of investigation into the functioning of the HPA axis has been to
‘challenge’ the HPA system, and the most common method is the dexamethasone challenge
(Wolkowitz & Rothschild, 2003). Researchers have examined the cortisol response in
individuals after the introduction of an exogenous glucocorticoid such as dexamethasone. The
primary function of the dexamethasone challenge is to allow observation of the HPA axis’
ability to suppress rising cortisol levels (Wolkowitz & Rothschild, 2003). For example,
depressed individuals can often be distinguished from normal volunteers by their
nonsuppression of cortisol to a standard dexamethasone challenge test (Brown & Shuey, 1980;
Carroll, 1982). In contrast, the most consistent finding for PTSD has been an enhanced or
super-suppression of circulating cortisol to the dexamethasone challenge (Yehuda, 2000;
Yehuda et al., 2002; Stein et al., 1997; Heim et al., 2000). Although, a study of adolescents did
not find evidence for enhanced suppression of salivary cortisol following low-dose
dexamethasone in multiply traumatized adolescents (Lipschitz et al., 2003). To this author’s
knowledge, only one dexamethasone challenge study has been conducted with a sample of
persons diagnosed with SAD. This study found normal HPA axis reactions (Uhde et al., 1994)
but was limited by the fact that the investigators did not match their patients and normal control
volunteers by age or gender.
Some researchers have been interested in uncovering the reactivity of the HPA axis to
behavioral or psychological challenges. Reactivity to laboratory behavioral stress tasks offer a
means of assessment of the HPA axis’ ability to respond to psychological perturbations. In
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addition, numerous studies (Leyton, et al., 1996; Petrides et al., 1997; Pike et al., 1997; Singh,
Petrides, Gold, Chrousos, & Deuster, 1999) have demonstrated that normal basal cortisol levels
do not preclude HPA abnormalities, which can be seen when individuals are confronted with
behavioral stress tasks. Psychological stressors are capable of eliciting HPA axis reactivity
(Dickerson & Kemeny, 2004) and cortisol is a good indicator of such reactivity (Sapolsky,
Krey, & McEwen 1986). Behavioral stress tasks have been varied but have often included
mental arithmetic tests, public speaking, memory tests, and conflict interactions with a close
person (e.g., parent or partner). In order to elicit cortisol reactions, behavioral stress tasks are
typically conducted with an evaluative component such as undertaking the task while under
observation, in front of a one-way mirror (participants are told that they are being observed
from the other side), or while being videotaped for analysis at a later time (for review of
laboratory tasks used to elicit HPA reactivity, see Dickerson & Kemeny 2004).
In the field of psychoneuroendocrinology, a great deal of attention has been paid to the
relation of psychological stressors to HPA axis functioning, yet there are still many unanswered
questions. Through an extensive meta-analytical review of studies that utilize laboratory
stressors to elicit HPA reactivity, Dickerson and Kemeny (2004) arrived at several conclusions.
First, similar to physical stressors (e.g., extensive exercise), psychological stressors are indeed
capable of eliciting cortisol activation. Many studies have found that asking participants to
speak in public or engage in a mental exercise can elicit cortisol responses (e.g., Kirschbaum,
Pirke, & Hellhammer, 1993). Second, among the studies that have examined psychological
effects on the HPA axis, results vary greatly. Although many studies have found psychological
effects on HPA axis cortisol release, a number of studies have not found significant effects
(e.g., Manuck, Cohen, Rabin, & Muldoon, 1991). Given the extent of the heterogeneity of the
operationalization of “psychological stress task” or “behavioral stress task,” the variability in
16
results is not overly surprising. However, a question that is of great importance to the field of
psychoneuroendocrinology is, “Are there certain critical elements of a behavioral stress task
that will facilitate the expression of a HPA axis response?” Using meta-analytic techniques,
Dickerson and Kemeny (2004) attempted to answer this question. They found that tasks
containing both uncontrollable and social-evaluative elements were associated with the most
significant cortisol and adrenocorticotropin activation. In addition, they found that these two
important conditions were associated with the HPA axis’ lengthiest times to recover. Citing
findings from studies that observed elevated cortisol levels in children with low social
competence (Schmidt et al., 1999) and in individuals with low self-esteem (Pruessner,
Hellhammer, & Kirschbaum, 1999), Dickerson and Kemeny (2004) posited that, “Individuals
with characteristics that would make them particularly sensitive to social evaluation show
exaggerated cortisol responses to acute stressors” (p. 358).
Abnormal HPA axis reactivity to psychological stressors has been noted in several
anxiety disordered populations. For example, for persons diagnosed with PTSD after a recent
rape. Resnick Yehuda, Pitman, and Foy (1995) found “blunted” cortisol reactivity. In
individuals with driving phobia, researchers found significantly elevated cortisol reactivity to
driving exposures when compared to normal controls (Alpers, Abelson, Wilhelm, & Roth,
2003). Leyton and colleagues (1996) found that among remitted panic disorder patients, a mild
psychological stressor provoked higher cortisol reactivity than in normal volunteers and the
authors suggest that these disturbances may be associated with the development of future
episodes. In a sample of patients with panic disorder, significantly higher elevations in salivary
cortisol in response to psychological stress were found when they were compared to normal
volunteers (Bandelow et al., 2000).
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HPA Axis Reactivity to Psychological Stress in Socially Anxious Individuals
Very few studies have investigated the HPA axis reactivity to psychological or
behavioral stressors in individuals with SAD, and those that have done so find conflicting
results. In a study of 15 participants with SAD, Mai'tel et al. (1999) found no group differences
in the cortisol reactivity for persons with SAD and normal controls when participating in a
public speaking task. However, in a study of 15 persons with SAD, Condren, O’Neill, Ryan,
Barrett, and Thakore (2002) found that persons with a diagnosis of SAD had a greater cortisol
response to a psychological stressor (mental arithmetic and memory task) than normal
volunteers. Their study demonstrated that individuals with SAD may have a hyper-responsive
adrenocortical response to psychological stress. Levin et al. (1993) found decreases in plasma
cortisol levels in response to a public speaking task among 36 generalized and discrete
participants diagnosed with SAD and controls but found no group differences. In 2001, Furlan,
DeMartinis, Schweizer, Rickels, and Lucki conducted a study of 18 persons with SAD and
asked them to participate in a psychological and physical stress task. No significant differences
were found in the salivaiy' cortisol reactivity of the patients and the normal volunteers for the
physical task. For the psychological stress task, a speech task, they found that almost all
normal volunteers showed a reactivity of a 50% increase in their salivary cortisol levels.
However, patients with SAD displayed bimodal changes to the same task; seven patients
reacted with a 90% or more increase in salivary cortisol and eleven patients responded with a
32% decrease in salivary cortisol. Furlan and her colleagues reported that the bimodal
responders were not distinguished from each other by onset or duration of their SAD symptoms
and all the patients (as well as normal volunteerA reported increasing levels of anxiety
regarding the task. Therefore, they hypothesized that their results may indicate that persons
with SAD who hypo-respond may be responding to stress similarly to persons with PTSD (who
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tend to display hypo-secretion of cortisol in reaction to psychological stress). They speculated
that higher or lower cortisol responsivity may be developed by different biological processes
that are linked to adaptation to distinct stressful conditions. Although this is the only study to
find bimodal reactivity for persons diagnosed with SAD, they point out that their findings may
mean that the HPA axis may have different pathways that are sensitive to differing stimuli,
which produce dysregulations that are separate from each other (Furlan et al., 2001). Finally,
in 2006, Beaton et al. studied two samples of undergraduates: one of 19 participants diagnosed
with SAD and the other, a nonselected sample of 35 participants in which they examined trait
shyness. They found both groups to show low salivary cortisol levels in response to a self-
presentation task.
In summary, the studies that have investigated the HPA axis reactivity to laboratory-
induced psychological stressors for individuals with SAD have found no significant differences
to normal controls (Martel et al.,1999 & Levin et al.,1993), hyper-reactivity (Condren et al.,
2002), bimodal reactivity (Furlan et al., 2001) and hypo-reactivity (Beaton et al., 2006).
Beyond these five studies, there are no other studies that focus on the HPA axis reactivity to
psychological stress for persons diagnosed with SAD. Given this limited and mixed picture,
further investigation is warranted.
Although there are few studies that address the HPA axis reactivity to psychological
stress in individuals diagnosed with SAD, many studies that have addressed “behavioral
inhibition” (BI) and its relations to HPA reactivity to psychological stress. BI in children is
defined as a tendency to demonstrate aversion towards and fear of novel objects or stimuli
(Kagan, et al., 1987). Given that BI may be a developmental precursor to SAD (Kagan &
Snidman, 1999; Rettew, 2000), it is important to consider the work that has developed from this
line of research. In a series of longitudinal studies, Kagan and colleagues (1988) found that
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behaviorally inhibited toddlers exhibit elevated cortisol responses to behavioral stress tasks.
Others have found higher cortisol levels in shy children than in their non-shy peers (Schmidt et
ah, 1997; Dealing, Gunnar, & Donzella (1999) and similar results were revealed in shy adults
(Bell et ah, 1993). Elevated cortisol levels have been found in 5.5-year-olds who had been
classified as behaviorally inhibited at 21 months of age, compared with those who had been
classified as uninhibited at 21 months. Inhibited behavior at 5.5 years of age was also
associated with high levels of cortisol measured at the same age (Kagan, 1994; Kagan et ah,
1987) Schmidt et ah (1997) found that 4-year-olds who displayed high levels of anxious
behavior in laboratory play sessions with unfamiliar peers exhibited significantly higher
morning salivary cortisol levels compared with less wary children. Taken together, the
developmental research on HPA functioning demonstrates that children who are behaviorally
inhibited may display HPA axis dysregulation.
Only two studies have examined HPA axis reactivity to psychological stress in
adolescents or young adults with SAD (see Martel et ah, 1999; Beaton et ah, 2006). Both
provide evidence that is not conclusive for several reasons. First, there ai'e the only two studies
of their kind and they should be replicated. Second, only three samples of salivary cortisol
were collected (one before, during, and after the task) which kept them from being able to
assess recovery. And third, no checks were conducted for the possible effects of blood
contamination in either study and in the 1999 study, oral contraceptive use was not considered.
Both blood contamination and oral contraceptive use have been shown to affect the accurate
assessment of salivary cortisol (Kirschbaum, Kudielka, Gaab, Schommer, & Hellhammer,
1999; Kivlighan, Granger, Schwartz, Nelson, & Curran, 2004). Given the methodological
limitations of these studies, it is critical that more research on HPA functioning in adolescents
diagnosed with SAD is conducted.
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Because BI may be a precursor to SAD (Kagan & Snidman, 1999; Rettew, 2000),
children with BI have displayed HPA in'egularities (de Haan et al., 1998; Watamura et al.,
2003), and adolescence is a critical period for the emergence of SAD (Moutier & Stein, 1999),
examining HPA axis functioning in response to psychological stress in adolescents diagnosed
with SAD is particularly important. Therefore, when designing a study that will facilitate an
investigation of the HPA axis reactivity to psychological stress in older adolescents, an
important question must be addressed: What is the best psychological stress task for this study?
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CHAPTER 4
THE TASK
Why an Interpersonal Conflict Discussion Task between Romantic Pai'tners?
There ai'e several reasons why a conflict discussion task between romantic partners is a
relevant and important context for examining the cortisol reactivity to psychological stress in
older adolescents diagnosed with SAD. First, romantic relationships are a very important part
of the human experience and may be the most important relational context for most people after
childhood. Many people become involved in romantic relationships during their late
adolescence and a great deal of energy is spent by adolescents and young adults in obtaining
partners, as well as maintaining their partnerships (Weber & Harvey, 1994).
Second, there is very little empirical literature about individuals diagnosed with SAD
who are in romantic relationships (Alden & Taylor, 2004). It is widely known that people with
SAD have fewer social relationships than those without the disorder. In fact, they have been
shown to have fewer friendships, fewer romantic relationships, and are less likely to marry
when compared to other people in the general population without the disorder or even to other
people with other anxiety disorders (e.g., Hart, Turk, Heimberg, & Liebowitz, 1999; Sanderson,
DiNardo, Rapee, & Barlow, 1990; Schneier et al., 1994; Turner, Beidel, Dancu, & Keys, 1986).
It is perhaps due to these findings that so few studies have examined individuals with SAD who
ai'e in relationships. However, there are many individuals with SAD, particularly those with
the nongeneralized subtype of SAD, who do enter into romantic relationships and these persons
have been found to have less intimate, functional, and satisfying relationships than do people
without social anxiety (Heinrichs, 2003; Wenzel, 2002; Davila & Beck, 2002). Given these
relationship difficulties, and that social relations are at the heai't of the stressful experience that
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defines SAD, it is important to understand the stress reactions to a quintessentially social
stressor in individuals with SAD who are in relationships.
Third, the current study’s use of a familiar interpersonal stress task is in direct response
to a recent call in the psychoneuroendocrinological literature (Gunnar, 2001) and is in line with
an important theoretical framework of anxiety. To a large extent, studies that investigate
clinically anxious individuals' HPA axis reactivity to psychological stress are grounded in
theories that describe anxiety as a stress-related condition (e.g., Rosen & Schulkin, 1998).
Although evidence has been found supporting Rosen and Schulkin’s theory (e.g.. Granger et
al., 1996), there is also evidence that contradicts an important aspect of their theory (e.g.,
Borchardt, Walters, Perwien, Bernstein, & Gunnar, 1996; Hart, Gunnar, & Ciccetti, 1995).
Specifically, Rosen and Schulkin’s (1998) theoiy posits that pathologically anxious individuals
hyper-secrete cortisol in response to anticipated stress due to an exaggeration of normal
anticipatory anxiety (AA). However, several studies have found contrary evidence. In fact,
persons with high anxiety have displayed a slight lowering of cortisol levels to the anticipation
of stress (Borchardt et al., 1996; Hart et al., 1995). Therefore, for clinically anxious persons,
both hyper-responding and hypo-responding of the HPA axis has been found. Although this
evidence points to HPA axis dysfunction in the pathologically anxious; it is troubling that the
evidence is mixed and researchers cannot, based on these studies, confidently predict a pattern
of cortisol reactivity in clinically anxious individuals. The mixed evidence is problematic
given that it contradicts many of the current theories (including Rosen and Schulkin’s theory)
regarding HPA axis reactivity to psychological stress in the clinically anxious. For these
theories to be correct, anxious persons should display the highest amount of anticipatory
cortisol reactivity to stress. Furthermore, interest in the HPA system of persons with clinical
anxiety is, in large part, due to the association between anxiety and negative physical health
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effects (Schulkin et al., 1994), which is theoretically mediated by hyper-secretion of cortisol in
response to stress.
One of the leading experts in the field of psychoneuroendocrinology, Dr. Megan
Gunnai' (2001), argues that methodologies typically employed in psychoneuroendocrinology
studies may need to be altered in order to reveal the anticipatory cortisol hyper-reactivity in
clinically anxious persons. As a part of her argument, she posits that anxious individuals tend
to exhibit cortisol hyper-reactivity when confronted with familiar stressors rather than atypical
or novel stressors. However, numerous studies that investigate HPA axis reactivity to
psychological stress utilize stress tasks that ai'e unfamiliar to participants. For example, many
studies utilize stress tasks that take the form of a public speech or a calculation test in front of
onlookers (Dickerson & Kemeny, 2004). For many people, these tasks do not represent typical
stressors in their everyday lives. Citing Pruessner et al., (1997) and anthropological cortisol
research, Gunnar argues that stress tasks that are familiar to participants tend to elicit
anticipatory cortisol hyper-reactivity in persons with pathological anxiety. For example, in
Pruessner’ s (1997) study on HPA axis reactivity to psychological stress, he found that cortisol
reactivity to the first encounter with a stress task was not associated with risk factors for
affective disorder such as low self-esteem and external locus of control but instead, continued
HPA axis reactivity to repeated instances of similar stressors, the second through fifth trials of
the task in this study, characterized the link between cortisol elevations and risk for affective
psychopathology. Although there is no empirical evidence clarifying why this pattern has been
shown, Gunnar (2001) points out that the current research suggests that anxious persons may be
somewhat protected from high elevations of cortisol within initial confrontations that elicit AA.
Because romantic partners typically engage in discussions that consist of disagreement
and therefore, the current study’s task is representative of a familiar life stressor. In addition.
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for many people, having a conflict discussion with a romantic partner is stressful. Responding
to Gunnar’s (2001) call in the literature, this study will utilize a conflict discussion between
romantic partners as the stress task. Participants are asked to discuss an unresolved issue that
has been a source of previous discussions within the last month. It is reasonable to expect that
participants have some familiarity with not only the task of disagreeing with their partner, but
also familiarity with the topic as well. Further, as an evaluative piece, participants are also
asked to engage in this task while being videotaped and with the knowledge that the tape will
be reviewed by researchers at a later time.
25
CHAPTER 5
THE CURRENT STUDY
The primar>' purpose of this study is to examine the cortisol reactivity to and recovery
from an interpersonal stress task among older adolescents diagnosed with SAD. Comparisons
will be made between participants with SAD and individually matched control participants who
do not have the disorder. Due to previous work that points to relations between HPA hyper-
reactivity and negative health outcomes (Boomershine et al., 2001; McEwen, 1998; McEwen &
Stellar, 1993) and the relations between anxiety and HPA dysfunction (Leyton et al., 1996;
Gerra, 2000; Condren et al., 2002), it is important to shed more light on the HPA functioning of
persons diagnosed with SAD. Further, because SAD tends to emerge in adolescence and
romantic relationships are one of the most important contexts for people post-childhood, using
an older adolescent sample and a task for dating couples are particularly important
contributions to this literature. Rosen and Schulkin’s (1998) theory of anxiety implicates HPA
hyper-reactivity in the pathophysiology of anxiety disorders. In particular, anticipatory hyper-
reactivity to stress is an aspect of the theory that has produced mixed results when tested.
Responding to a call in the literature by utilizing a familiar stress task for participants with
SAD (Gunnar, 2001), this study’s task will facilitate a more direct test of pathologically
anxious persons' anticipatory endocrine stress.
Based on previous evidence and theory, several hypotheses are tested within this study.
First, Rosen and Schulkin (1998) theorize that persons with pathological anxiety should display
anticipatoiy cortisol hyper-reactivity to stress due to an overly excitable HPA system.
Consequently, when compared to matched control participants, individuals with SAD are
expected to exhibit greater anticipator}' cortisol reactivity to the stress task.
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In one of the few studies to have examined cortisol reactivity to a psychological stressor
among persons with SAD, Condren et al. (2002) found that participants with SAD displayed
HPA axis hyper-reactivity to the task. Therefore, the second hypothesis is that participants
with a diagnosis of SAD will display greater HPA reactivity to the stress task than the matched
controls as evidenced by higher salivary cortisol levels.
Understanding patterns of recovery from endocrine stress reactions is potentially
important due to its effects on physical health (Linden et al., 1997; McEwen, 1998; Sapolsky,
Romero, & Munck, 2000) and may further illuminate the pathophysiology of SAD.
“Recovery” is the extent to which cortisol levels return to pre-task levels after the task has
ended. Dickerson and Kemeny (2004) argue that failure to efficiently return to normal cortisol
levels after a stressful event could lead to even greater exposure to cortisol, creating even
greater health risks. Very few studies, however, have examined cortisol recovery and the
factors that are associated with delayed recovery. For these reasons, each individual’s own
pattern of recovery will be examined with the expectation that persons diagnosed with SAD
will tend to recover more slowly than controls.
Finally, core symptoms of SAD include self-perceived fear of negative evaluations and
distress when participating in situations with an evaluative component (i.e., speaking in front of
others or engaging in an interpersonal interaction). However, it is not known whether these
self-perceptions are also significant when persons with SAD engage in interpersonal
interactions with their romantic partners. Therefore, as a secondary analysis, this research will
examine group (participants with SAD versus matched control participants) differences in
participants’ self-perceived anticipatory stress reactivity and self-perceived reactivity to the
task. Persons with SAD will likely rate themselves higher on stress when compared to
individuals without SAD.
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Generally, subjective reports of stress often do not correspond with indicators of HPA
axis reactivity to stress (Dickerson & Kemeny, 2004; Stroud, Salovey, & Epel, 2002).
However, another study from Dr. Sally Powers’ laboratory (examining adult attachment and
cortisol) found positive associations between cortisol levels before and during the task and
participants’ self-reports of stress (Powers, Pietromonaco, Gunlicks, & Sayer, 2006).
Consequently, as an exploratory question, this work will examine the relation between these
two measures of stress reactivity.
28
CHAPTER 6
METHOD
Participants
This study includes 18 participants (females =11; males = 7) with a primary diagnosis
of SAD (nongeneralized subtype: n = 10; generalized subtype: n = 8) and 18 individually
matched participants without SAD for a comparison group. One clinical participant originally
proposed to be included was, after his assessment materials were reviewed, found to have been
in remission. The entire sample from which these participants are selected is comprised of 398
participants consisting of 199 older adolescent (age range = 18-21; mean age = 19.2)
heterosexual couples who are in romantic relationships for at least 2 months (modal length of
relationship = 1-2 years). These subjects were recruited for a study testing a biopsychosocial
model of adolescent depression conducted by Dr. Sally Powers at the University of
Massachusetts, Amherst.
Participants were closely and individually matched on the following variables: sex,
secondary diagnoses including current major depressive disorder (MDD), past MDD, level of
depressive symptoms and for females, birth control pill use. Three clinical males and five
clinical females were found to have diagnoses of Past Major Depressive Episode. Two males
and two females were found to have scores above the cut-off of 16 indicating current
depression. These clinical participants were appropriately matched with control participants.
For relationship-related variables, participants were matched on the couples’ length of the
relationship and quality of the relationship as measured by the Perceived Relationship Quality
Components (PRQC; Fletcher, Simpson, & Thomas, 2000) scale. Participants with psychotic
disorders, current PTSD, and major medical conditions were excluded from both groups and
matched control participants with current psychiatric diagnosis (except for those participants
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with other secondary diagnoses who were matched with a SAD participant with the same
secondaiy diagnosis) were also excluded.
The sample is representative of this age group in the western Massachusetts community
from which participants were recruited; participants reported their ethnic identities as non-
Hispanic European American (86.7%), Hispanic (4.3%), African American (1.3%), Asian
American/Pacific Islander (5%), Native American(.3%), or other (2.3%). Recruitment efforts
consisted of placing flyers in public places and conducting presentations in university
undergraduate classes. Each participant was paid a total of $80 and was also given the option
to earn extra credit in applicable classes.
Procedures
During an initial telephone-screening interview, participants were informed that this is a
study about conflict negotiation between romantic partners and individuals' physiological
reactions to these discussions. Data collection for this study occurred within two scheduled
sessions. Session One, which took place within a two-room suite of a university laboratory,
commenced with a review of the consent form participants were asked to sign. In this first
room, participants completed a computerized Admissions Questionnaire on individual
computers that were separated by a curtain and submitted two saliva samples. Participants
were then asked to independently identify a topic that had been a source of heated and
unresolved discussions in the past month. By flipping a coin, the researcher randomly selected
one of the topics and couples were taken to the second room, which contained a couch and
three visible video cameras. Couples were asked to engage in a 15-minute videotaped
discussion regarding this topic. Once this task was completed, couples completed more
questionnaires and submitted five more saliva samples in regular intervals over the course of an
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hour recovery period. Session Two of data collection entailed participants individually meeting
with researchers trained in the administration of the Structured Clinical Diagnostic Interview
for the DSM-IV (SCID; Spitzer, Williams, Gibbon, & First, 1990). Diagnoses were not
revealed to participants but all participants were provided information on where to access
mental health assistance if they should need it at the end of both Sessions One and Two.
Measures
Assessment of Social Anxiety Disorder . In order to assess for social anxiety disorder,
the Structured Clinical Interview for the DSM-IV (SCID-I/NP; non-patient; research version)
was conducted by trained researchers. The SCID-I (Spitzer et al., 1990) is an assessment
instrument that has been empirically tested in several studies. The SCID-I has been has been
found to have good reliability for the diagnosis of SAD (kappa = .72; Skre, Onstad, Torgersen,
& Kringlen, 1991). Also, the SCID-I is thought to possess high validity. Several studies
(Basco et al., 2000, Fennig, Craig, Lavelle, Kovasznay, & Bromet, 1994; Fennig, Naisberg-
Fennig, Craig, Tanenberg-Karant, & Bromet, 1996; Kranzler, Kadden, Babor, Tennen, &
Rounsaville, 1996; Kranzler, et al., 1995) have demonstrated superior validity of the SCID-I
over standard clinical interviews at intake. In fact, a number of studies have used the SCID-I as
the "gold standard" in determining the accuracy of clinical diagnoses (e.g., Sheai' et al., 2000;
Steiner, Tebes, Sledge, & Walker, 1995). For matching control with clinical participants and
exclusionary puiposes, the SCID-I was also used to identify the full range of potential
diagnoses for each participant.
HPA Axis Reactivity to a Conflict Discussion Task between Romantic Partners. In
order to measure adolescents’ HPA axis reactivity before, during, and after the stress task.
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seven salivary cortisol samples were collected over the course of an hour and thirty-five
minutes. Cortisol has been found to take between 15-20 minutes to enter into saliva once
secreted from the adrenal gland and therefore, each salivary sample actually measured
participants’ cortisol reactivity from 15-20 minutes earlier (Stansbury & Gunnar, 1994).
Collected 10 minutes into Session One, the first saliva sample assessed participants’ cortisol
levels 5-10 minutes prior to entering the lab. After this first saliva sample was submitted,
researchers described to participants in detail the upcoming stress task noting that, “By
engaging in this videotaped task, we would like you to clearly understand that we are asking
you to discuss a topic you disagree about which might take the form of an ai'gument.” Fifteen
minutes after this description (the time needed for cortisol to be released and in saliva),
participants submitted the second salivary cortisol sample which reflects participants’
anticipatory reactivity to the stress task. Participants then engaged in the stress task. Five
additional samples were submitted 10, 20, 30, 45, and 60 minutes after the stress task was
completed. Therefore, this study examines the HPA axis functioning of adolescents with and
without SAD commencing with their cortisol response 5-10 minutes before entering the
laboratory, through their anticipation of the stress task, during the stress task, and throughout a
recovery period of 45 minutes after the task. For a description of all cortisol variables used in
this study, see Table 1.
Saliva samples were collected according to procedures suggested by Salimetrics, LLC.
Participants were instructed to passively drool down a straw and into a small plastic vial with
their heads tilted forwai'd until the required amount of saliva was collected. The vial was then
tightly sealed and immediately placed into frozen storage (-20 degrees C) until shipped on dry
ice to Salimetrics, LLC for analysis of cortisol levels. All samples were divided into two vials
and separately assayed for salivary cortisol using a highly-sensitive enzyme immunoassay
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(Salimetrics, PA). Thus, each cortisol sample had two values, resulting in a total of 14 values
for the 7 samples. The test used 25 pi of saliva (for singlet determinations), and had a lower
limit of sensitivity of .003 pg/dl. range of sensitivity from .003 to 1.2 pg/dl, and average intra-
and inter-assay coefficients of variation of 4.13% and 8.89% respectively. Method accuracy,
determined by spike recovery, was 105% and linearity, determined by serial dilution, was 95%.
Several procedures are implemented in order to ensure the accuracy of the cortisol
measurements: a) participants were given written and phone instructions to refrain from
drinking alcohol, using illegal drugs, or visiting the dentist within the 24 hours prior to the
laboratory session, and they were required to not exercise, eat, drink (except water), smoke
cigarettes, or brush their teeth up to 2 hours prior to participation; b) upon arrival to the lab,
participants’ temperatures were taken to ensure they did not currently have an elevated
temperature and an admissions questionnaire was given to participants to assess if they felt ill
or had not complied with researchers’ requirements for participation, and c) 10 minutes before
submitting the first saliva sample, participants rinsed their mouths thoroughly with water in
order to further minimize the potential of saliva contamination. As well as these preliminary
procedural controls, other variables that potentially affect HPA functioning were assessed by
questionnaire or laboratory assay and examined for statistical relations with cortisol. HPA
functioning has been found in previous studies to be affected by medications, including
psychotropic medications (Bhagwager, Hafizi, & Cowen, 2002; Kojima et al., 2003; Meltzer,
Bastani, Jayathilake, & Maes, 1997; Sagud et al., 2002), allergy medications (Wilson,
McFarlane, & Lipworth, 1998), oral contraceptives (Kirschbaum, et al., 1999), and other non-
prescribed drugs, nicotine (Kirschbaum, Strasburger, & Langkrar, 1993), caffeine (Lovallo,
Al'absi, Blick, & Whitsett, 1996), alcohol (King, Houle, de Wit. Holdstock, & Schuster, 2002),
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amount of sleep (Powers, Bonica, McArdle, & Battle, 2000), recent meals, recent exercise,
illness, mouth injury (Kivlighan et al., 2004) and phase of menstrual cycle (Kirschbaum et ah,
1999). A questionnaire was developed for this project to assess these variables.
Blood contamination is also of particular concern in saliva samples because the levels
of most analytes are higher in general circulation than in saliva and can falsely elevate salivary
analyte levels (Kivlighan et ah, 2004). Blood can leak into saliva due to several reasons,
including poor oral health, abrasive brushing, or injury. Although precautions against all of
these effects were taken in the study, the first saliva sample was assayed for blood
contamination by Salimetrics, LLC for all participants using an enzyme immunoassay kit for
transferrin. Associations between these variables (e.g., drug use and blood contamination) and
cortisol will be examined and statistically controlled when necessary.
Perceived Stress Reactivity . Prior to the task, participants reported the level of stress
they felt in anticipation of the conflict discussion. In addition, after the task, participants were
also asked to rate how stressful they perceived the task. Participants rated their anticipatory
stress with four items; the extent to which they "were nervous about the task,” “were looking
forward to leaving the lab because the session will be stressful,” "thought about the task last
night,” and "thought about the task today.” After the task, participants rated their perceptions
of the actual stress that they experienced during the negotiation task with three items: "How
stressful was this conflict?” "How intense was this conflict?” and “How negative was this
conversation?” Participants were asked to rate their perceptions on a scale from 1 (Not at all)
to 7 {Ver>' Much). Each scale was subjected to principal components analyses and the first
principal component for each scale was used. In the larger sample, internal consistency
(Cronbach’s alpha) of the scales were .69 (anticipatory stress) and .82 (stressful discussion).
34
Relationship Context. In order to better understand participants’ relationship context,
participants were asked to report the length of their relationship and complete the Perceived
Relationship Quality Components (PRQC; Fletcher et al., 2000) scale. The PRQC consists of 6
subscales (relationship satisfaction, commitment, intimacy, passion, love, and trust). Clinical
and control participants were matched on their reports of the quality of their relationship.
Participants were asked to rate their answers to questions such as, “How satisfied are you with
your relationship?” using a scale from 1 (Not at all) to 7 (Extremely).
CES-D . Participants were administered the Center for Epidemiologic Study-Depression
(CES-D) Scale. The CES-D is a 20-item self-report measure of depressive symptoms (Radloff,
1977) that is widely used in both normative and clinical samples of adolescents (Hogue &
Steinberg, 1995; Roberts, Andrews, Lewinsohn, & Hops, 1990). Items on the CES-D are rated
along a 4-point Likert scale to indicate how frequently in the past week each symptom occurred
(0 = rarely or none of the time, 3 = most of the time); scores range from 0 to 60, and higher
scores indicate a greater degree of depressive symptoms. A standard cut-off score is 16,
indicating mild to moderate depression.
Analytic Strategy
Prior to addressing the major questions of this study, descriptive statistics were obtained
for all valuables to check for outliers and extreme skewness. In order to reveal any potential
confounds within the cortisol analyses, correlational analyses were conducted on the previously
described variables (e.g. blood contamination and medication use) and cortisol in order to
identify the need to control for these variables within subsequent analyses. Because certain
relationship variables such as the duration of the relationship and the quality of the relationship
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may influence the relation between diagnostic status and stress reactivity, the possible
moderating effect relationship variables may have on these associations were also examined.
Because the primary goal of this study was to examine the HPA reactivity to stress
among persons with SAD and those without SAD, it was important that the participants with a
primary diagnosis of SAD were individually matched with individuals who do not have the
disorder. Most studies that investigate HPA axis reactivity in disordered populations compare
their population of interest with a control group that is free of disorders. This study utilized a
large overall sample of participants (n = 398) with complete diagnostic information on all
participants. Therefore, persons with a primary disorder of SAD were individually matched
with control participants on relevant variables such as their gender, secondaiy diagnoses
including current major depressive disorder (MDD), past MDD, and for those participants
without a comorbid diagnosis of MDD, level of depressive symptoms. Given the high
comorbidity of depression among individuals with SAD (Schatzberg et al., 1990) and the well-
established relation between depression and cortisol (Carroll et al., 1976), matching on these
important variables within this study presented a useful contribution to the literature.
Participants with psychotic disorders, current PTSD, and major medical conditions were
excluded from both groups and matched control participants with current psychiatric diagnosis
(except for those participants with other secondary diagnoses who were matched with a SAD
participant with the same secondary diagnosis) were also excluded. Participants were also
matched on the length of their relationship and the quality of the relationship. For females, the
use of birth control pill was also included as a matching variable.
Therefore, one of the methodological strengths of this study is that control participants
were successfully matched with clinical participants on a number of relevant variables. In
order to capitalize on this strength, ANOVAs using group as a repeated measure were
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conducted to answer some of the primary questions of this study. A 2x2x7 mixed ANOVA
was performed in which Sex (2 levels: male or female) was the between-subjects factor and
Group (2 levels: SAD diagnostic group or matched control group) and Time (7 levels) were the
repeated measures factors. Two-factor repeated measures ANOVAs (Group and Time as
repeated measures and no between-subjects variable) were then conducted for males and
females separately.
To further answer the question whether there were differences in the HPA functioning
between persons diagnosed with SAD and those without the disorder, nonparametric Wilcoxon
signed-ranks tests were conducted. These tests were chosen because they are more powerful
than t-tests when data is not normally distributed, as was the case in this study. The seven
cortisol samples and the difference between the cortisol levels in sample one and the
subsequent samples (e.g., subtracting sample one from sample seven) were used in these
analyses to offer more information on anticipatory reactivity, reactivity to and recovery from
the task.
In order to more thoroughly examine if there were differences in the HPA axis recovery
from the stress task between persons diagnosed with SAD and those without the disorder,
regression analyses were used to obtain the slope of each participant’s recovery from the stress
task (i.e. regressing cortisol level on all measurement times for each participant). The
examination of the slopes provided information on the best linear function (i.e. whether the
slope differed from zero) over the seven measurement times. Also, regressing cortisol level on
time and time squared (i.e., determining the best quadratic function for each participant) was
thought to be useful as the quadratic component would offer information on whether there is a
bend in the cortisol level vs. Time function and provide information about the rate of increase
and the subsequent drop-off of cortisol level (i.e. recovery).
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Therefore, pai’ticipants’ slopes and quadratic components of the slopes were used as
data within a mixed ANOVA using Group as the repeated measure and Sex as the between-
subjects factor and separate repeated measures ANOVAs for males and females (no between-
subjects factor). Nonparametric Wilcoxon signed-rank tests were conducted to further shed
light on the relations between slope, group status and sex.
As a secondary investigation, participants’ own perceptions of their anticipatory stress
and the stressfulness of the task were examined. In order to investigate whether there were
group differences among adolescents with SAD and the individually matched control group, a
mixed ANOVA was conducted with Group as the repeated measures factor and Sex as the
between-subjects factor. Further analyses were conducted using repeated measures ANOVA
(Group as the repeated measure and no between-subjects factor) for males and females together
and separately. Nonparametric Wilcoxon signed-rank tests were conducted in order to provide
more information on the relation between participants’ perceptions of stress and cortisol.
In order to examine the relation between endocrinological stress reactivity and
perceptions of stress, coirelations between the seven cortisol samples and participants’ self-
reported perceptions stress were obtained. Correlations were also obtained between
participants’ perceptions of stress and the differences in cortisol levels between sample one and
each subsequent sample. Because participants’ slopes of cortisol levels over the seven
measurement times and the quadratic components of their slopes offered useful information on
cortisol reactivity and recovery, they were examined for their relations to subjective stress.
The Statistical Package for the Social Sciences (SPSS) 14.0 program was used to
conduct all analyses. When relevant, the Huynh-Feldt adjustment for violations of the
sphericity assumption was used for each result. For all results, p < .05 was considered
significant.
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CHAPTER 7
RESULTS
Descriptive Statistics
Prior to addressing the primary questions of this study, descriptive statistics were
obtained for all variables. Mean and standard deviations for the amount of cortisol in
participants’ seven saliva samples are reported in Tables 2 and 3. Also, the study’s 18 clinical
participants and 18 matched control participants’ cortisol levels were plotted over time in their
respective pairs (see Figures 1 to 18). Further descriptive statistics revealed high positive
levels of skewness and kurtosis for the cortisol samples and for blood contamination.
Therefore, natural log transformations of these variables were used in analyses in order to
reduce the nonnormality of the distributions. Untransformed cortisol levels were used to obtain
means and are reported in the text and tables for ease of interpretation.
Correlations between medication use, blood contamination level, relationship quality,
length of the relationship and cortisol were obtained in order to ascertain the need to control for
extraneous variables in the analyses. The couples’ relationship-related variables and blood
contamination were not significantly correlated with cortisol. However, the seventh cortisol
sample was correlated with birth control pill use for females r = .450, p = .034. In order to
control for the effects of birth control pill use on cortisol, this variable was included among the
matching variables in this study.
Are Cortisol Levels the Same Across Time. Group and Sex?
A 2 X 2 X 7 mixed ANOVA was performed in which Group (2 levels: SAD diagnostic
group or matched control group) and Time (7 levels) were the repeated measures factors and
Sex was the between-subjects factor. A significant main effect for Time was found, F(3.794,
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60.701) = 12.165, 2 = -000. Therefore, the null hypothesis that, averaged over the other factors,
the mean cortisol levels were the same at all times, can be rejected. This result suggests that on
average, both the control and clinical groups displayed cortisol reactions to the task. An
examination of their untransformed means confirmed that both groups display an increase in
cortisol between samples one and two (anticipation; controls* mean change = 0.049,^ =
0.171; clinicals’ mean change = 0.037,^ = 0.080) and one and three (reactivity to the task;
controls’ mean change = 0.01 1;^ = 0.088; clinicals’ mean change = 0.034;^ = 0.1 17). The
tests of within subjects contrasts (i.e., the tests for polynomial trends) showed that the linear
contrast for Time is significant F(l, 16) = 22.020, p = .000, indicating that the best-fitting
straight line has a slope other than zero. The quadratic contrast is significant, F(l, 16) = 7.324,
P = .016, suggesting that there is significant curvilinearity or bend in the curve. The cubic
contrast is also significant, F(l, 16) = 6.241, p = .024, indicating that the curve contains two
bends (i.e., consistent with the notion that the mean cortisol level rises, falls and then levels
off).
There was a weak trend towards a main effect for Group, F(l, 16) = 3.150, p = .095.
This result indicates that, averaged over Sex and Time, the mean cortisol levels tended to differ
for clinicals and controls. Also, there was a Time by Sex interaction, F(3.794, 60.701 ) = 2.407,
P = .062, revealing a strong tendency for the differences between males and females to not be
the same at all times. The tests of within subjects contrasts show that there is trend in the linear
contrast, F(l, 16) = 3.454, p = .082. This result indicates that the best-fitting non-zero line has
a tendency to have a different slope for males and females. The cubic contrast also reveals a
trend, F( 16) 3.870, p = .067, indicating that the curve in the slope tends to have two bends
and that this tendency may be different for males and females. Considering the Time main
effect and the trend for the interaction between Time and Sex
,
these results indicate that not
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only did the cortisol levels change at different measurement times, but also these levels had the
tendency to be different depending on sex. No other effects were significant. Results are
reported in Table 4, a graph that plots cortisol level against measurement time for both groups
is provided in Figure 19, and graphs plotting each sex separately by group are provided in
Figures 20 and 2 1
.
Separate Analyses for Males and Females
Two-factor repeated measures ANOVAs using Group (2 levels: clinical or control) and
Time (7 levels) as the repeated measures were conducted for females and males separately. For
both males and females, there was a significant main effect for Time, F(3.240, 19.437) = 8.381,
P = .001 and F(5.001, 50.008) =3.270, p = .012, respectively. Therefore, it is possible to reject
the null hypothesis that cortisol levels were the same across all time points for both males and
females. Also for males and females, the tests of within subjects contrasts shows that the linear
components were significant, F(l, 6) = 1 1.797, p = .014. and F(l, 10) = 7.301, p = .022,
respectively. These results show that the slope of the best fitting straight line is nonzero for
both males and females. For males only, there was a trend in the quadratic component, F(l, 6)
= 5.552, p = .057, indicating that there was a tendency for curvilinearity or bending in the
curve. The cubic contrast is also significant among the males, F(l, 6) = 10.100, p = .019,
consistent with the curve containing two bends.
Only among males was there a significant main effect for Group, F(l, 6) = 7.370, p =
.035. This result shows that the null hypothesis can be rejected that the mean cortisol levels
were the same averaged across all time points for both clinical and control males. Averaged
mean cortisol levels for clinical and control males (M = 0.143 and M = 0.255 respectively)
showed that the clinical males’ mean was smaller than the control males’ mean.
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There were no significant effects for the Group by Time interaction for males, F(--338,
14.030) = 0.649, p = .561 or females, F(2.958, 29.582) = 0.725, p = .543. These results suggest
that although the average level of cortisol may have differed between groups for males, there
were no significant differences between groups regarding the shape of the curve of cortisol
reactivity across time. See Table 5 and Figures 22 and 23.
Within-Group Comparisons of Cortisol Levels
In order to determine if there were any significant differences among the individual
seven cortisol samples within groups, nonparametric Wilcoxon follow-up tests were performed
to compare the relative baseline sample, sample one, with each following sample (see Table 6).
Initial analyses were conducted with males and females together. For the clinical group, the
only significant difference detected was between samples one and two (anticipatory reactivity^;
Z =-1.982, p = .048). An examination of the clinical group’s means shows cortisol levels
increased from sample one (M = 0. 166,^ = 0.072) to two (M = 0.204,^ = 0. 126),
indicating anticipatory reactivity to the task. A significant anticipatory cortisol elevation was
not found for the control group. Instead, the control group’s samples one and five (Z= -2.025,
P = .043), one and six (Z = -2.330, p = .020) and one and seven (Z = -3.593, p = .000) were
significantly different. The means from these samples reveal that samples five (M = 0.219,^
= 0.178), six (M = 0.205, SD = 0.151) and seven (M = 0.167,^ = 0.103) contained lower
levels of cortisol than sample one (M = 0.257,^ = 0.161 ). Samples five through seven are
considered the recovery period; therefore, the control group achieved full recovery as
’ The change between samples one and two represents anticipatoiy reactivity because it captures participants’
reactions to learning about the upcoming video-taped conflict task.
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evidenced by their return to their relative baseline cortisol level." Results indicating recovery
were not found for the clinical group.
Analyses separating males and females were also conducted and significant results were
only found among the control males and females. Among the control males, there was a trend
towaids significance for the difference between cortisol samples one and five (Z= -1.690, p =
.091), and a significant difference between samples one and six (Z= -2.028, p = .043), as well
as, samples one and seven (recovery; Z= -2.366, p = .018). An examination of the means of the
control males’ samples five, six, and seven revealed that each contained less cortisol than
sample one. These results show that control males’ cortisol levels were significantly lower
toward the end of the assessment period than at the start - indicating cortisol recovery. For
clinical males, no significant differences were found between any of the individual cortisol
samples.
Among female control participants, there was a significant difference between cortisol
samples one and seven (recovery; Z= -2.756, p = .006) only. An examination of the means of
these samples showed that cortisol sample seven was smaller than sample one. This result
indicates that control females ended the assessment period with lower cortisol levels than at the
start - demonstrating recovery.
Between-Group Comparisons
Nonparametric Wilcoxon follow-up tests were also performed in order to uncover
differences between clinical and control groups on relevant cortisol levels. To this end, each
group’s seven cortisol samples were compared to each other. When examining males and
In fact, these conisol levels became even lower than sample one. The first sample possibly captured initial
increases in cortisol due to any stress related to initiating panicipation in a psychology experiment.
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females together, there was a trend towards significance for a group difference of sample one,
(Z = -1.894, p = .058). An examination of these samples’ means shows that the control group’s
first sample was larger than the clinical group’s first sample (M = 0.257,^ = 0.161; M =
0.166, SD = 0.072 respectively). No other group differences among the individual cortisol
samples were noted when males and females were examined together.
Separate analyses were conducted for males and females. Among females, there were
no significant group differences for each of the seven samples. However, among males, there
was a significant difference between the clinicals’ and controls’ sample one (Z = -2.366, p =
.018). Trends toward significance were detected between the rest of the clinicals’ and controls’
samples (samples two through seven). When comparing their means, control males’ mean
cortisol levels were consistently higher than the clinical males’ means. Therefore, for males, the
clinical group had a significantly lower first sample than the control group (M = 0.144,^ =
0.054; M = 0.292,^ = 0.152 respectively) and had a tendency to have lower samples across
all other times. All results are reported in Table 7.
Examining the differences between measurement times offers valuable information on
both reactivity and recovery. Subtracting sample one from each of the cortisol samples offers
some information (although not an entire picture) into the change between these samples.
Therefore, the differences between sample one and subsequent samples were investigated for
group differences (for descriptive statistics on these variables see Table 8 and 9).
Nonparametric Wilcoxon signed-ranks tests were conducted for both males and females
combined showing that there was a trend for the difference in cortisol levels between samples
one and seven (Z = -1.764, p = .078). This result indicates controls’ and clinicals’ difference in
cortisol levels from the first measurement time to the last tended to be different from each
other. An examination of the absolute means of the difference scores shows that the control
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group had a greater difference between sample one and seven than the clinical group (M = -
0.089, SD = 0.095; M = -0.014,^ = 0.084 respectively). This result indicates that the control
group tended to display a greater decrease in cortisol levels from sample one to seven than the
clinical group. No significant between-group differences were noted when males and females
were examined separately. See Table 10 for the results of these analyses.
Slope and Quadratic Components Analyses
Regression analyses were used to obtain the slope of each participant’s recovery from
the stress task (i.e., regressing cortisol level on time for each pai'ticipant). Also, the quadratic
components of the slope were obtained when cortisol level was regressed on time and time
squared. The slope and quadratic component were then utilized as the dependent variables in
subsequent separate analyses. Descriptive statistics are reported in Table 11.
A mixed ANOVA using Group as the repeated measure and Sex as the between-
subjects factor revealed a significant main effect for Group F(l» 16) = 6.675, p = .020 (see
Table 12). This result suggests that the null hypothesis can be rejected. That is, the slopes
were not the same for the clinical and control groups. An examination of clinical and control
groups’ slopes (M = -0.012,^ = 0.053 and M = -0.062,^ = 0.081 respectively) revealed that
the control group’s slope was more negative. Therefore, the control group’s cortisol level
dropped off faster over time than for the clinical group. The main effect for Sex was not
significant F(l. 16) = 2.044, p = .172. When a repeated measures ANOVA was conducted
separately for females and males, no significant effects were revealed (see Table 13). Similar
analyses conducted using the quadratic component as the dependent variable revealed no
significant effects. See Tables 14 and 15 for the results of these analyses.
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Between-Group Comparisons
Nonparametric Wilcoxon follow-up tests were conducted to further investigate group
differences for slope and the quadratic components of their slope. When females and males
were examined together, there was a significant difference between clinical and control groups’
slopes (Z = -2.462, p = .014). An examination of the means revealed that, on average, the
control group’s slope was more negative than the clinical group’s slope, showing that the
control group’s cortisol level dropped off faster over time than did the clinical group’s cortisol
level. Separate tests for females (Z = -1.779, p = .075) and males (Z = -1.859, p = .063)
showed trends toward significance for group differences in slope. Means of both males and
females’ slopes also revealed that the control group had a more negative slope than the clinical
group, indicating a tendency for a faster drop off of cortisol levels over time. No between-
group differences were detected for the quadratic components of the slope. See Table 16 for a
summary of all results.
Summary of Primary Analyses
Overall, there were several results that offered information on the study’s primary
question regarding differences in the HPA responses to interpersonal stress between SAD
participants and matched control participants. The main effects for Time revealed in the
ANOVAs using cortisol level as the dependent variable, showed that both groups displayed
HPA reactions to the stress task. There was a tendency for males and females’ stress reactions
to differ, with males on average displaying a steeper peak in their reactivity. Similar ANOVAs
conducted separately for sex revealed that the clinical males displayed significantly lower
cortisol levels than the control males. Confirming this result, Wilcoxon follow-up tests showed
that specifically, clinical males displayed a significantly lower cortisol level on the first sample
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and tended to display lower cortisol levels in every other sample. Wilcoxon follow-up tests
also showed that on average, the clinical group displayed a significant anticipatory reaction to
the stress task and this result was not found for the control group. Instead, the control group
displayed significant recovery from the task and this result was not found for the clinical group.
Finally, the ANOVA using slope as the dependent variable revealed that the clinical group had
a significantly flatter slope than the control group, with the control group showing greater
decreases in cortisol over time. Overall, the results from these analyses suggest that the SAD
and control groups are different in their HPA functioning depending on sex as many of the
differences were significant for males, but not for females. With the exception of their
significant anticipatory reaction to the task, those diagnosed with SAD showed consistently
lower levels of cortisol, less reactivity overall, and slower recovery than those without the
disorder.
Subjective Stress
As a secondary investigation, participants* own perceptions of anticipatory stress
reactivity and the stressfulness of the task were examined for group differences. Prior to the
conflict discussion task, participants reported the level of stress they felt in anticipation of the
task. In addition, after the task, participants reported their perceptions of the actual
stressfulness of the task. The relations between subjective perceptions of stress and the
physiological expression of stress, cortisol, were also examined. Descriptive statistics for
subjective reports of anticipatory stress and stressfulness of the task are provided in Table 17.
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Is Subjective Anticipatory Stress the Same Across Group and Sex? A mixed ANOVA
using Group (2 levels: clinical or control) as the repeated measure, Sex as the between-subjects
factor and subjective anticipatory stress as the dependent variable was conducted. When males
and females were examined together, neither the Sex nor Group main effects, F(l, 12) = 0.401,
P = .538 and F(l, 12) = 2.683, p = .127 respectively, were significant. The Group by Sex
interaction, F(l, 12) = 2.888, p = .1 15 for anticipatory stress was also not significant. The lack
of a significant effects show that the null hypotheses cannot be rejected that the groups did not
differ on their reports of anticipatory stress and their reports did not differ significantly between
males and females.
A repeated measures ANOVA was also conducted without using Sex as a between-
subjects factor for males and females together. A trend, F(f 13) = 3.153, p = .099 for a Group
main effect was noted - indicating a weak tendency for a difference between clinical and
control groups’ perceptions of anticipator}' stress. An examination of the means showed that
the clinical group (M = 0.303,^ = 0.825) reported experiencing more anticipatory stress than
the control group (M = 0.1 1 1,^ = 1.483).
An examination of subjective anticipatory stress in separate repeated measure ANOVAs
for females and males revealed a significant main effect for Group for females. Female clinical
and control groups’ perceptions of anticipatory stress were significantly different, F(l, 7) =
9.722, p = .017. An examination of the means shows that clinical females (M = 0.303,^ =
0.607) rated themselves higher on anticipator}' stress than the control females (M = -0.375, SD
= 0.954). This effect was not found for males, F(l, 5) = 0.001, p = .974. All results are
presented in Table 18.
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Are Subjective Perceptions of Stressfulness of the Task the Same Across Groups and
Sex? A mixed ANOVA using Group as the within-subjects variable and Sex as the between-
subjects variable was conducted to examine paiticipants’ subjective perceptions of the
stressfulness of the task (see Table 19). For females and males together, there was no main
effect for Sex, F(l, 12) = 0.877, p = .367 or Group, F(l, 12) = 0.268, p = .614. However, there
was a significant Group by Sex interaction, F(l, 12) = 5.638, p = .035, indicating that the
magnitude of the differences in subjective task-related stress between the clinical and control
groups was significantly different for males and females. The means for the clinical females
(M = -0.434,^ =.0.857) and the control females (M = 0.198,^ = 1.169) and the clinical
males (M = 0.358, SD = 0.798) and control males (M = -0.248,^ = 0.982) show that clinical
females reported a low'er level of subjective task-related stress than the control females.
However, clinical males reported a higher level of subjective task-related stress than the control
males.
Repeated measures ANOVAs (Group as the within-subjects variable and no between-
subjects variable) addressing subjective perceptions of the stressfulness of the task were
conducted separately for females and males (see Table 20). For females, no significant main
effect for Group was detected, F(l, 8) = 1.852, p = .21 1. For males, despite a tiny sub-sample,
there was a significant difference between clinical and controls’ perceptions of the stressfulness
of the task, F(l, 4) = 8.258, p = .045. The means show that the clinical males (M = 0.358,^ =
0.798) reported a higher level of task-related stress than the control males (M = -0.248,^ =
0.982).
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Relations Between Coitisol and Subjective Stress
In order to examine the relation between endocrinological stress reactivity and self-
perceived stress, correlations between relevant cortisol variables and participants’ self-reported
perceptions of their anticipatory stress and the stressfulness of the task were obtained.
Correlations were obtained between subjective stress (anticipatory and task-related) and each of
the individual seven cortisol samples, as well as the cortisol level differences between samples
one and the other samples (see Tables 21 and 22). The slope of cortisol levels over the seven
samples and the quadratic component also offer useful information on participants’ cortisol
reactivity and recovery. Therefore, correlations were obtained between participants’ slopes and
the quadratic components of the slopes and subjective stress (see Table 23).
Control Group’s Relation Between Cortisol and Subjective Stress . A weak positive
relation was found between subjective anticipatory stress and sample three, r = .448, p = .094.
The greater the perceived anticipatory stress of the participants in the control group, the more
they displayed cortisol reactions to the task. For controls, no other relations were detected
between their individual cortisol samples and their subjective anticipatory stress. Also, the
differences in cortisol levels between samples one and each of the other samples were not
significantly related to either of the subjective stress variables.
There was a near-significant tendency for a negative relation between controls’ self-
perceptions of anticipatory stress and the quadratic components of the cortisol level over time, r
=
-.513, p = .051. This result indicates that the higher the perception of anticipatory stress, the
more negative the quadratic component. The more negative a quadratic component, the more
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well-defined the peak in cortisol reactivity. Therefore, the greater the perceptions of
anticipatoiy stress, the more likely for the cortisol level to show a peak over time. No
significant relation was noted between the control groups’ subjective anticipatory stress and
their linear slope, r = -.234, p = .401. Further, no significant relations were detected between
the control group's subjective perceptions of the stressfulness of the task and any of the cortisol
variables.
Clinical Group’s Relation Between Cortisol and Subjective Stress . For the clinical
group, no relations were detected between the subjective stress variables and the individual
cortisol samples. However, the difference in cortisol levels between samples one and three
(reactivity), and one and four had a tendency to be positively related to the clinical group’s
perceptions of anticipatory stress, r = .427, p = .087 and r = .438, p = .078 respectively. For the
clinical group, the cortisol level differences between one and three (M = 0.034,^ = 0.1 17)
and one and four (M = 0.044,^ = 0. 138) were positive. Therefore, the greater degree of
anticipatory stress perceived by the clinical group, the greater their reactivity to the task. No
other significant relation was found between the differences in cortisol levels and subjective
anticipatory stress.
In addition, there was a trend-level positive relation between clinical participants’
perceptions of anticipatory stress to their slopes, r = .447, p = .072. For the clinical group,
there was a tendency that the higher the perceived stressfulness of the task, the less negative the
slope. No significant relation was detected between the clinical group’s subjective anticipatory
stress and the quadratic component of their slope, r = -.322, p = .207.
Among the clinical participants, only one significant relation between the cortisol
variables and subjective task-related stress was detected. Subjective task-related stress was
51
positively related to the difference between cortisol levels one and three (denoting reactivity to
the task), r = .575, p = .020. As mentioned before, the difference between clinical pai'ticipants’
samples one and three was positive. Therefore, the more the clinical group’s cortisol levels
increased in reaction to the task, the more they reported task-related stress. This relation was
not found for the control group, r = . 169, p = .548.
Within-Group Relations between Subjective Stress and Cortisol
Although an examination of male and females within their group designations left few
participants in each analysis, many more significant results were found. Interestingly,
significant relations were found only for clinical males and females. Further, their results were
dichotomous: males only showed significant relations between cortisol and subjective task-
related stress and females only displayed significant relations between cortisol and subjective
anticipatory stress (see Tables 24 and 25 for males’ results; 26 and 27 for females’ results).
Clinical Males’ Relation Between Subjective Stress and Cortisol. Among clinical
males, significant positive relations were found between their perceptions of the stressfulness
of the conflict and cortisol samples three, r = .850, p = .032, four, r = .957, p = .003, five, r =
.947, p = .004, six, r = .979, p = .001 and seven, r = .939, p = .005. For clinical males, the
higher their levels of subjective stressfulness of the task, the higher their cortisol levels from
samples three to seven.
Clinical males’ differences between cortisol samples one and four, r = .848, p = .033,
one and five, r = .857, p = .029, one and six, r = .912, p = .01 1, one and seven (indicating extent
of recovery), r =
.863, p = .027 were positively related to their perceptions of the stressfulness
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of the task. Given differences in cortisol levels are derived by subtracting sample one from
each subsequent sample (e.g., subtracting sample one from sample four), if the difference in
cortisol level is positive, it reflects an increase and if it is negative, it reflects a decrease in
cortisol. An examination of the means show that with the exception of the difference between
one and four (indicating reactivity upon completion of the conflict task; M = 0.019, SD =
0.078) each were negative. The means of samples five through seven consist of the recovery
period and show a decline in cortisol level from the differences between one and five (M = -
0.016,^ = 0.082), one and six (M = -0.022,^ = 0.087) and one and seven (M = -0.034,^
= 0.078). Therefore, the more clinical males reported that the task was stressful, the greater the
increase in cortisol during the task and the greater the decrease in cortisol throughout the
recovery period (beginning with sample five). In other words, the more clinical males reported
task-related stress, the more they reacted to the task and then recovered from that reaction.
Furthermore, clinical males’ slopes were positively related to their perception of the
stressfulness of the task, r = .892, p = .017. For the clinical males, there was a tendency that
the higher the perceived stressfulness of the task, the less negative their slopes were. Two
trends were noted from these analyses. A tendency for a negative relation between clinical
males’ perceived stressfulness of the task and the quadratic component, r = -.769, p = .074 was
found. This result indicated that more clinical males reported task-related stress, the more
likely it was for their cortisol levels to show a peak over time. No significant relation was
found between clinical males’ subjective anticipatory stress and any of the cortisol variables.
Clinical Females’ Relation Between Subjective Stress and Cortisol. No significant
relations were detected between clinical females’ individual cortisol samples and their
subjective stress. However, clinical females’ perceptions of anticipatory stress tended to be
53
positively related to the differences between samples one and three (reactivity), r = .527, p =
.095, one and four, r = .546, p = .082, one and five, r = .590, p = .056, and one and six, r = .558,
p = .075. There was a tendency that the greater the difference between samples one and three
(M = 0.037, SD = 0.140), one and four (M = 0.060,^ = 0.167), one and five (M = 0.030,^
= 0.137) and one and six (M = 0.020,^ = 0.1 1 1), the higher the level of subjective
anticipatory stress. An examination of the means shows that all differences were positive.
Therefore, the greater clinical females’ subjective anticipatory stress, the greater the increase in
cortisol between their samples three to six.
A significant positive relation was found between clinical females’ subjective
anticipatoiy stress and their slope, r = .718, p = .013. For clinical females, the higher their
perceptions of anticipatory stress, the less negative their slopes were. No significant relation
was found between clinical females’ subjective anticipatory stress and the quadratic
components of their slopes. Further, for clinical females, no significant relations were found
between subjective task-related stress and any of the cortisol variables.
Summary' of Subjective Stress Analyses
The first analyses on subjective stress examined if there were group and sex differences
in participants’ reports of subjective stress. There was a tendency for a group difference in
subjective anticipatoiy stress as the clinical group tended to report higher levels of subjective
anticipatory stress than the control group. This finding was only significant for the females.
For perceptions of stressfulness to the task, a Group by Sex interaction was detected. Clinical
females perceived lower levels of stressfulness of the task than control females but clinical
males perceived higher levels of stressfulness of the task than control males. This difference
was significant only for the males.
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The second set of analyses (the coiTelations) was conducted to provide information on
the relation between cortisol and subjective stress. Focusing on the stronger correlations shows
nearly all significant relations were within the clinical group and that the males’ cortisol
variables were only significantly related to their perceptions of the stressfulness of the task and
the females’ cortisol variables were only significantly related to their perceptions of
anticipatory stress. The greater the clinical groups’ perceptions of the stressfulness of the task,
the greater their cortisol reactivity to the task. For clinical males, the more they reported task-
related stress, the greater their cortisol levels in samples three through seven. Further, the
greater their task related stress, the less negative their slope. Interestingly, the more clinical
males reported task-related stress, the more they reacted to the conflict task and the more they
then recovered from that reaction. For the clinical females, the more subjective anticipatory
stress they reported, the less negative their slope of cortisol over time. The one significant
result among the controls was for the group: the greater their anticipatory stress, the more likely
they showed a peak in their cortisol over time.
55
CHAPTER 8
DISCUSSION
Study Overview
The primary purpose of the current study was to examine the HPA axis functioning of
older adolescents diagnosed with social anxiety disorder when challenged with an interpersonal
stress task. Comparisons were made between participants diagnosed with SAD and
individually matched participants who do not have SAD on anticipatory cortisol reactivity,
cortisol reactivity to and recovery from a conflict discussion. As an exploratory question, this
study investigated group differences in subjective stress and the relation between participants’
subjective stress and cortisol reactivity to stress.
Summary of Primary Results
Both groups displayed cortisol reactions to the interpersonal stress task. This study’s
first hypothesis that the SAD group would display heightened anticipatory cortisol reactivity
was, in part, confirmed. The SAD group distinguished itself by displaying significant
anticipatory cortisol reactivity to the task but this anticipatory reactivity was not significantly
different than that of the control group. The second hypothesis, based on the evidence from the
BI literature, that the SAD group would display HPA hyper-reactivity to the stress task was not
supported by the results of this study. In fact, in line with much of the adult anxiety literature,
there was a tendency for the clinical group to display lower cortisol levels than the control
group and this was significant for males. The results of the study were consistent with the third
hypothesis that the SAD group would display a delayed recovery when compared with the
control group. The control group’s cortisol levels tended to decline more quickly and
substantially than the SAD group after the conflict task.
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Overall Cortisol Levels
The primary analysis of this study, the mixed ANOVA using Group and Time as the
repeated measures and Sex as the between-subjects factor, revealed a main effect for Group
showing a tendency for a difference between the clinical and control groups’ cortisol levels
over time and that this difference was significant for males. Examining group means for each
sample showed that the clinical group’s cortisol levels tended to be lower than the control
group’s cortisol levels over the entire assessment time and that this was especially pronounced
for males. This finding is line with previous work (Beaton et al., 2006) and is evidence for
HPA dysfunction in individuals diagnosed with SAD. Beaton and her colleagues (2006)
speculated that that low cortisol levels may reflect coping and adaptation as a result of repeated
stress. However, few studies have focused on cortisol levels across a lengthy assessment
period which is likely due to the fact that most similar studies have assessed cortisol levels at
three points: pre-task, task, and post-task. Because of the dearth of information on this issue,
drawing conclusions from the evidence for low cortisol levels among those diagnosed with
SAD is difficult. It will be important that other studies utilize longer assessment periods and
further this work.
Anticipatory Cortisol Reactivity
Although few in number overall, most of the studies that have examined the HPA
functioning of individuals diagnosed with SAD have focused on cortisol reactivity to a
psychological stressor. However, the current study’s finding of significant anticipatory cortisol
reactivity among adolescents with SAD is in line with previous research. The only other study
that examined anticipatory cortisol reactivity to a psychological stress task among adolescents
with SAD also found significant anticipatory cortisol reactivity (Mailel et al., 1999). And, like
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the current study, a significant difference between groups on anticipatory reactivity between
groups was not found.
The current study found that older adolescents diagnosed with SAD showed a
significant increase in their cortisol levels from sample one to sample two - indicating
significant anticipatory reactivity. Experts in psychoneuroendocrinology advise that cortisol
sampling should be spaced approximately 15 minutes apart because 15 minutes in enough time
for cortisol to reach saliva (Stansbury & Gunnar, 1994). Given the task was first introduced
and detailed instructions regarding the upcoming task were given to participants 15 minutes
prior to sample two, the change between samples one and two captured the cortisol reactivity to
the anticipation of the task. The current study’s finding is partially in line with theory that puts
anticipatory anxiety (AA) as a marker of pathological anxiety. To a large extent, studies that
have investigated anxious individuals’ HPA axis reactivity to psychological stress are grounded
in theories that describe anxiety as a stress-related condition (e.g., Rosen & Schulkin, 1998).
Rosen and Schulkin’s (1998) theory posits that pathologically anxious individuals experience
elevated cortisol levels in response to anticipated stress, due to an exaggeration of normal AA.
The clinical group in the current study distinguished itself in displaying significant
anticipatory reactivity to the stress task. However, contrary to Rosen & Shulkin’s theory, the
anticipatory reactivity among the SAD group was not significantly different from that of the
control group. It is possible that a group difference was not detected due to the study’s limited
statistical power. However the current study’s results are not alone; several other studies have
reported similar levels of anticipatory reactivity between those with high and low anxiety (e.g.,
Borchardt, Walters, Perwien, Bernstein, & Gunnar, 1996; Hart, Gunnar, & Ciccetti, 1995). In
fact, some have found a slight lowering of cortisol levels to the anticipation of stress among
those with high anxiety (Borchardt et al., 1996; Hart et al., 1995).
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A potential explanation for the lack of consistent findings in the literature is the wide
variety in behavioral tasks researchers employ. Some tasks may be more likely to elicit
anticipatory reactions than others. In a review of studies that examine HPA axis responses to
psychological stress, Dickerson and Kemeny (2004) described the range of tasks that have been
employed, as well as the large range of results. The task used in the cun-ent study contains
elements of evaluation and uncontrollability - both of which Dickerson and Kemeny (2004)
found to be important in eliciting HPA reactions. However, unlike most behavioral stress
tasks, the current study’s task is fundamentally interpersonal in nature. Further, the task of
conflict negotiation may have required some level of assertiveness which can be particularly
difficult for persons with SAD (APA, 2000). Thus, the current study’s task may have uniquely
tapped into critical difficulties among persons diagnosed with SAD - contributing to their
significant anticipatory cortisol reaction.
Taking the finding for significant anticipatory reactivity into consideration with the
other results of the study is essential. Although the SAD group displayed a significant increase
of cortisol in the anticipation of the task, this elevation in cortisol was not significantly different
from the elevation the control group displayed. In other words, the clinical group’s elevation in
anticipatory cortisol was significant relative to the mean of their sample one. One of the
findings of the current study is that there was a tendency for the control group to display a
higher level of mean cortisol at entry to the study than the SAD group (sample one). This
difference was statistically significant for males’ sample one, with trends for all subsequent
males’ samples showing similar group differences. Although the current study’s first cortisol
sample does not represent a true basal level, it is likely to be a partial reflection of participants’
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basal levels and is a relative baseline for this study. Prior research has found higher basal
cortisol levels in persons who are psychologically hardier (Zorrilla, DeRubeis & Redei, 1995).
It is thought that higher levels of basal cortisol are protective because when presented with a
stressor (or an upcoming stressor), like the current study’s control group, these individuals are
not exposed to a significant spike in cortisol (Zorrilla et al., 1995). It is possible that the
finding for an insignificant rise in anticipatory cortisol for the control group may be a reflection
of this phenomenon.
The anticipatory cortisol reactivity to a psychological stressor among people diagnosed
with SAD has rarely been studied. And, despite its relevance, no other studies have utilized an
interpersonal stress task in their investigations. Therefore, it is difficult to draw any firm
conclusions from the current study’s finding for significant anticipatory reactivity for only the
SAD group and no group difference in its degree. It will be important for other studies to
replicate the use of an interpersonal stress task, and in order to have more power to detect
differences, a larger sample would be needed to shed more light on differences between the
HPA functioning of individuals diagnosed with SAD and individuals without SAD.
Cortisol Reactivity to the Task
On average, both clinical and control groups showed a significant positive linear Time
main effect, indicating reactivity in the form of increasing cortisol levels and this result was
found for both males and females. Clinical males tended to display lower levels of cortisol in
sample three (sample three was submitted just after the task) than the control males, however,
the cortisol level for sample three must be understood within the context of overall lower
Sample one is not a basal sample because entering the laboratory for the session may elicit some level of stress
reactions.
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cortisol levels shown by the clinical group. Therefore, this lower level shown by clinical males
may be independent of task reactivity. It is the difference between sample one and three that
displays actual cortisol reactivity to the task as it captures the change in cortisol levels from the
entry level to the level during the task. Comparing groups’ differences between sample one
and three uncovers any differences in reactivity regardless of the fact the clinical group has
generally shown consistently lower levels of cortisol. When group differences between
samples one and three were examined, no significant difference was found between clinical and
controls’ reactivity to the task.
The current study's result is in unison with three out of the five studies that have
investigated HPA functioning in individuals with SAD. Finding similar cortisol reactivity or
attenuated cortisol reactivity among those diagnosed with SAD is in line with other studies that
have found no differences (Martel et al., 1999) or blunted reactions to psychological stress
(Beaton et al., 2006; Levin et al., 1993). However, the literature in this field is somewhat
contradictory as one study found hyper-secretion in reaction to psychological stress among
those diagnosed with SAD (Condren et al., 2002) and one study that documented both hypo
and hyper- reactivity (Furlan et al., 2001). Given the small number of studies examining HPA
functioning in individuals with SAD, it is difficult to draw conclusions on the reasons for this
literature’s discrepant results. Studies’ methodological differences may be one reason. For
example, in the Furlan et al. (2001) study, there was no reported check or control for blood
contamination and oral contraception use among their female participants -both of which can
affect cortisol levels (Kirschbaum, Kudielka, Gaab, Schommer, & Hellhammer, 1999;
Kivlighan, Granger, Schwartz, Nelson, & Curran, 2004). Also, the Condren et al. (2002) study
used a mental arithmetic and short term memory test as the stress task for a sample that was
mostly made of males (10 females; 20 males). Given previous research suggesting that males
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may react more to instrumental or achievement-oriented tasks (Cross & Madson, 1997), it is
possible that their stress task elicited sex-specific cortisol reactions.
In contrast, researchers of behavioral inhibition (BI) have found more consistent
evidence in HPA axis reactions. The majority of studies have found hyper-reactivity of the
HPA axis when BI children are exposed to a behavioral stressor (e.g.. Granger, Weisz,
McCracken, Ikeda, & Douglas, 1996; Smider et al., 2002), BI has been linked to anxiety
disorders in prospective longitudinal studies of young children who have been followed
through to adolescence (Prior et al., 2000; Schwartz et al., 1999). Despite the typological
similarities between BI and SAD and that BI is thought to be a precursor to SAD (Kagan &
Snidman, 1999; Rettew, 2000), the psychoneuroendocrinology literatures addressing the two
phenomena have found a dissimilar pattern of results. It is possible that although BI and SAD
are closely linked, they are fundamentally physiologically different.
One explanation for the different reports of the HPA functioning in BI and SAD may be
due to the likelihood that neurobiological changes associated with stress vary during different
developmental periods. For example, in major depressive disorder, there is evidence of
differences in HPA axis functioning among children, adolescents, and adults. The
hypercortisolemia that has very often been reported in adults with major depression has not
been consistently found in children with major depression (Kaufman et al., 2001). It is possible
that over time, the HPA system of an individual who would have qualified as behaviorally
inhibited as a child and has proceeded to develop SAD, may cease displaying HPA axis hyper-
reactivity to a psychological stressor and, instead, may display inadequate cortisol secretion
(e.g., Beaton et al., 2006; Furlan et al., 2001). It may be that the longer the period of chronic
stress, the more adaptation can be found in the HPA system.
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A possible related explanation for the differing results among the studies investigating
HPA functioning in BI, trait-level anxiety, as well as SAD, is that once anxiety has moved from
temperamental trait to pathological, even by older adolescence, the HPA system reflects a
chronically challenged system that has adapted by becoming hypo-responsive. There has been
some support for the hypothesis that a feature of high trait anxiety may be autonomic hyper-
responsiveness (Kang & Yu, 2005) and that with a high degree of stress (perhaps linked more
to severity of anxiety rather than age of onset), could be followed by a compensatory
adregergic receptor down-regulation and hypo-responsiveness (Young et al., 1998). This
explanation is supported by evidence suggesting age has little to no effect on cortisol reactivity
to psychosocial stress (Kudielka, Buske-Kirschbaum, Hellhammer, and Kirschbaum, 2004).
The researchers who have found anxious individuals reacting with hyper-secretion of cortisol
(e.g., Bell et al., 1993), and those that have found blunted reactivity (Beaton et al., 2006;
Resnick et al, 1995), may have examined individuals with variable HPA functioning due to
differing stages of disease.
Major health problems are associated with HPA dysfunction and it is generally accepted
that over-exposure to stress can cause or worsen many diseases. Hyper-secretion of cortisol is
associated with susceptibility to infectious diseases (Mason, 1991) and cardiovascular problems
(McEwen, 1998) and hypo-secretion of cortisol is associated with autoimmune processes such
as lupus erythemalosis (Weiner, 1991), fibromyalgia, chronic fatigue syndrome, and
rheumatoid arthritis (see Tsigos and Chrousos, 2002). This study found that participants
diagnosed with SAD tended to exhibit overall lower cortisol levels during the course of an
interpersonal stress task assessment and that this pattern was particularly true for the SAD
males. Chronic low levels of cortisol in the face of stress may put individuals with SAD at risk
for health problems. It is important that prospective longitudinal psychoneuroendocrinology
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research is conducted in individuals who do and do not developed SAD, as it may provide a
window into the developmental pathophysiology of the HPA axis.
Cortisol Recovery' from the Task
The traditional view has been that the less the cortisol reactivity, the more healthy a
person, however some researchers have posited that it may be dL flexible HPA system that is
more closely related to health (Friedman & Thayer, 1998; McEwen, 1998). A critical part of
HPA axis flexibility is its ability to return the cortisol system to pre-stress levels soon after a
stressful event is over (Dickerson and Kemeny, 2004). An adaptive HPA system may be one in
which energy is provided by a quick cortisol reaction for use in a challenge and is quickly
followed by a return to pre-challenge cortisol levels (Linden et al., 1997; Sapolsky, et al.,
2000). In fact, some researchers argue that failure for the HPA system to achieve recovery may
lead a person to be exposed to even greater amounts of cortisol, pointing to an underlying
dysfunction of the stress system and generating greater health risks (Dickerson and Kemeny,
2004; Sapolsky et al., 2000). Despite the links between cortisol recovery and physical health,
few studies have closely examined cortisol recovery to a psychological stressor among the
pathologically anxious and fewer yet have done so among those diagnosed with SAD.
The current study presents several lines of evidence pointing to delayed recovery for
individuals diagnosed with SAD. There was a significant group difference in the slope of
cortisol levels across time, as the control group's cortisol level dropped off faster than the
clinical group’s cortisol level, indicating a quicker recovery for the control group. Recovery is
the return to pre-stress cortisol levels and the other method used in this study to ascertain if
recovery was achieved was to subtract sample one from samples five through seven (the
recovery period consisted of samples five through seven). Examinations of recovery revealed a
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significant decrease in cortisol from the first to the final sampling only for the control group.
Also, the control group showed a tendency to display a greater decrease in cortisol from the
first to the last sample than the clinical group, indicating even greater recovery for the control
group. In fact, graphs of matched pairs’ (clinical participant and the matched control
participant) cortisol levels over time showed that several of the clinical pai'ticipants displayed
final cortisol levels that were higher than their first sample (pre-stress level) and not one of the
control participants displayed this pattern (see Figures 1 to 18). Furthermore, the control group
displayed faster recovery than the clinical group as the control group’s cortisol levels decreased
to the pre-stress level by sample four. In contrast, the clinical group’s cortisol levels did not
decrease to the pre-stress level until the sample seven (the final sample). Cortisol levels
continued to decrease for the control group in samples five, six and seven, beginning to drop
significantly below the pre-stress level in sample five. In contrast, the clinical group never
displayed significantly lower cortisol levels than their first sample.
As noted previously, the first sample in this study is not a true baseline but a relative
baseline measure due to the possibility that participants displayed cortisol elevations in their
first sample because of any stress related to the anticipation of participating in a psychology
experiment. Therefore, it is likely that the control group’s descent in cortisol levels probably
reflect a recovery to a basal level that is lower than the first sample. In this same line, given the
clinical group’s slower descent in cortisol levels and that their cortisol levels never decreased
significantly lower than their first sample, it is possible that the clinical participants did not
achieve full recovery during the assessment period. Given there is no true basal sample in the
current study, this is speculative. However, a plausible interpretation from these data is that the
SAD group showed significantly delayed recovery in comparison to the control group.
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This study's finding that the control group was able to return to pre-stress levels is in
line with a homeodynamic concept of health that contends that fit systems are characterized by
an ability to respond with flexibility to their environmental demands (Friedman & Thayer,
1998; McEwen, 1998) while physiological rigidity is associated with pathological states such
as anxiety disorders (Thayer et al., 1996). This study’s finding of delayed recovery in
individuals diagnosed with SAD is an important contribution to the psychoneuroendocrinology
and SAD literatures. Chronic delayed recovery is related to serious health implications
(Sapolsky et al., 2000) and thus, persons diagnosed with SAD may be at risk. The evidence
presented in this study highlights the importance for more research to focus on HPA axis
recovery from psychological stress.
Within-Group Sex Differences in Cortisol
Although the control group showed earlier and more substantial recovery than the
clinical group, there was a suggestion of difference between the sexes within the control group.
The control males appeared to recover earlier than the control females. The decrease in cortisol
(when compared to sample one) for the control males was close to significance at sample five
and was significantly lower than sample one at samples six and seven. For control females,
their decrease in cortisol from sample one became significantly lower only at sample seven.
Although this is modest evidence pointing to control females recovering more slowly to
interpersonal stress than control males, it is in line with other research in other non-clinical
samples (e.g., Kiecolt-Glaser et al., 1998, 1996). It is possible that stress tasks possess sex-
specific relevance and thus, elicit different reactions from males and females (see Kudielka &
Kirschbaum, 2005). For example, in a series of studies, it was found that women demonstrated
more persistent physiological changes to marital conflict than do men (Kiecolt-Glaser et al..
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1998, 1996). It may be that the interpersonal nature of the current study’s task is a factor in the
relative delay detected in control females’ cortisol recovery. It is important that researchers
investigating sex differences in cortisol responses to psychological stress tasks consider and
further explore these issues.
Summary of Subjective Stress Results
Due to the exploratory nature of the questions on subjective stress, no formal
hypotheses were made. The clinical group tended to report higher levels of subjective
anticipatory stress than the control group and this was especially pronounced for females. A
significant interaction of Groups and Sex from an ANOVA using subjective task-related stress
as the dependent variable showed that the clinical males reported higher levels of subjective
task-related stress than the control males and for females, the opposite was actually true.
Overall, there was a stronger association between cortisol responses to stress and
subjective perceptions of stress for the clinical group than the control group and these
associations were positive. Although this was not tested directly, it seemed that whether
cortisol was significantly related to subjective anticipatory stress or to task-related stress
depended on sex. Only males showed significant relations between cortisol and subjective
task-related stress and only females showed significant relations between cortisol and
subjective anticipatory stress. Clinical males’ subjective task-related stress was significantly
related to higher cortisol levels immediately following the task and to significantly decreasing
cortisol during recovery.
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Group & Sex Differences in Subjective Stress
Clinical females reported significantly higher levels of anticipatory stress than control
females. In line with research that finds weak relations between cortisol and subjective
responses to stress (Buske-Kirschbaum et al., 2003; Zimmer et al., 2003), these results are not
reflected in the cortisol responses as there were no significant differences in anticipatory
cortisol reactivity between the clinical and control females.
This result raises the question as to why this group difference was found only for
females. One reason for a stronger group difference between females may be because of nature
of the current study’s task. An interpersonal task such as conflict negotiation with a romantic
partner may be one that elicits sex-specific reactions. There is evidence in the gender role
literature to suggest that females generally tend to feel more responsibility for the resolution of
interpersonal conflict than males (Christensen & Heavey, 1990; Cyranowski et al., 2000;
Taylor et al., 2000). It is possible that the SAD females going into such a task would feel not
only the social anxiety their male SAD counterparts felt but also a sense of heightened
responsibility to facilitate the resolution of the conflict. This sex-specific sense of
responsibility coupled with the difficulty such a task would pose for individuals diagnosed with
SAD, may have made the anticipation of such a task seem especially stressful to the SAD
females. It may have been this sex-specific, additional stressor on the SAD females that
contributed to their significantly greater sense of anticipatory anxiety than the control females.
Clinical males displayed similar cortisol reactivity to the task, as well as overall lower
cortisol levels than the control males. Considering their subjective task-related stress and HPA
axis functioning together, these results are in line with some prior research on the clinically
anxious: reports of high anxiety co-occurring with low cortisol reactivity (e.g., Beaton et al.,
2006; Furlan et al., 2001). Although generally researchers have found weak relations between
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cortisol and subjective stress, these results may be pointing to an underlying HPA axis
dysfunction, because like the clinical males in the cun-ent study, the highly anxious have been
found to under-produce cortisol when compared to those without high anxiety, despite high
levels of perceived stress (e.g., Jezova et al., 2004).
Finding that clinical females reported less (albeit al a non-significant level) task related
stress than the control females is an intriguing result and is not found among the cortisol-related
results in this study. It is important to take the clinical females’ report of less subjective task-
related stress into consideration with the stronger finding that clinical females reported
significantly higher anticipatory stress than control females. It is possible that just prior to the
task, the highly stressed SAD females began to cope with the stress they were experiencing. A
primary coping strategy among the highly anxious - particularly when feeling heightened
levels of stress - is avoidance (APA, 2000). It may be that in an effort to cope with their high
levels of subjective anticipatory stress, the clinical females avoided the more difficult aspects of
the discussion or even disengaged from the task entirely. In contrast, it is possible that the
control females, having not experienced the same levels of subjective anticipatory stress,
entered into the discussion engaged and experiencing the fullness of the task. Therefore, it
would make sense that the control females would come out the task reporting that it was more
stressful for them.
Relations Between Cortisol and Subjective Stress
Although no formal hypotheses were made for these analyses, prior research suggested
that there are weak relations between physiological stress reactivity and subjective reports of
stress (e.g., Dickerson & Kemeny, 2004). However, this study's exploratory analyses detected
several significant relations between cortisol and subjective stress. There were significant
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positive relations between subjective stress and cortisol reactivity showing that the more
subjective stress, the more cortisol reactivity (or vice-versa). In large part, these relations were
among the clinical group, pointing to the potential that persons with SAD are more aware of
their bodily stress responses.^ There is a large body of literature that suggests that sensitivity to
bodily reactions under stress is, at the minimum, a contributor to the maintenance of anxiety
disorders over time (see Clark & Wells, 1995). For example, anxiety disordered patients have
been found to be able to more accurately detect their own heartbeats and small changes in
airway resistance (Ehlers & Breuer, 1992). Also, prior research has shown self-perceptions of
physiological indicators of stress are related to subjective reports of stress among those high in
social anxiety (Mansell & Clarke, 1999). However, a group difference in interoception, the
ability to accurately assess ones own bodily reactions, was not tested directly in this study. It is
important that a study is conducted which incorporates interoception and cortisol reactivity to
stress in such a manner as to not only test for potential differences in individuals diagnosed
with SAD, but also to investigate how such information may inform the treatment of SAD.
A stark pattern emerged in which males only displayed significant relations between
cortisol and subjective task-related stress and females only displayed significant relations
between cortisol and subjective anticipatory stress. Because these relations were not the focus
of the current study, there is little data to help understand these results. However, the reasons
why a particular type of stress would be more related to one sex or another may be found in the
literature on gender role stress. For example, prior research on gender role stress has suggested
that situations involving interpersonal concerns are perceived as more stressful to females,
whereas situations associated with performance failures are perceived as more stressful to
It is not likely that participants sense the increases in their cortisol levels. Rather, it is possible that participants,
particularly those with high levels of anxiety, notice parallel processes such as an increase in heartbeat.
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males (Eisler & Skidmore, 1987; Gillespie & Eisler, 1992). In addition, males have been found
to perceive instrumentality or achievement-related tasks as more salient than do females (e.g..
Cross & Madson, 1997), and females have been reported to find interpersonal concerns more
salient than do males (Taylor et al., 2000). Two of the questions that assessed subjective
anticipatory stress were regarding participants’ worries about the session that day or the night
before. It is possible that females found the nature of the upcoming task more salient to them.
As for the males, it is possible that once the challenge was more fully articulated for the couple
at the time of the task- that they were being asked to come to a resolution of a conflict within
approximately 15 minutes, the task-related questions may have held more saliency for them, in
part, due to the time pressure.
It is important to note that caution should be taken in interpreting the correlations
presented here as they, like the other analyses in the current study, do not show causality.
Further, the number of correlations that were conducted for cortisol and subjective stress was
large, increasing the potential for Type 1 error.
Post-hoc Analysis
Furlan et al. (2001) found that SAD patients distinguished themselves by displaying
bimodal reactivity to a stress task: seven out of eighteen patients reacted with a 90% or greater
increase in salivary cortisol relative to their baseline and the remaining eleven patients
responded with a 32% decrease in salivary cortisol. Similar results were not found in the
control group as the majority of the control participants displayed moderate reactivity to the
task. The current study focused on the use of averages to detect differences and, in particular,
average group differences, rather than exploring bimodal patterns of reactivity within groups.
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A post-hoc within-groups examination on the cortisol reactivity to the task was conducted in
order to find if a similar bimodal distribution exists within the current sample. Unlike Furlan’s
study, the current sample’s cortisol reactivity to the task in the clinical and control groups
appeared to be similar in every respect except for one: five out of eighteen (28%) clinical
participants reacted to the task with a 90% or greater increase in cortisol. No control
participant displayed this level of reactivity. This finding seems to reflect the vaiiability of
HPA dysfunction that has been consistently documented. It is possible that these hyper-
responders’ disorder is at a different level of severity than SAD participants who did not
display hyper-reactivity. It may also be the case that the five clinical participants who
displayed hyper-reactivity to the task had a different onset of SAD. Considering the majority
of the prior HPA axis research on BI, SAD and anxiety in general, it is possible that these 5
participants may have had less severe SAD or later onset than those that showed attenuated
cortisol reactivity. Although within group variability among the SAD pai'ticipants was not the
focus of the current study, these post hoc analyses suggest that it will be important to tease
apart these issues in future follow-up studies.
Contributions and Limitations
The current study is notable due to its contributions to a literature that is small and
inconsistent. To date, five published studies have examined HPA functioning in persons
diagnosed with SAD and only two previous studies utilized an adolescent/young adult
population. Given the mixed picture that the BI and SAD literatures present on this question,
examining an older adolescent population may be useful in order to bridge the gap between the
two literatures. Very few previous studies of individuals with SAD have examined anticipatoi^
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cortisol reactivity and not one study has examined HPA recovery from a psychological stressor.
This study’s unique foci have offered important evidence towards the understanding of the
HPA axis functioning in individuals diagnosed with SAD and of the likelihood for a
developmental pathophysiology of the HPA axis.
Methodological variability has been seen to contribute to the differences in results
found among researchers studying cortisol responses to psychological stressors (Dickerson &
Kemeny, 2004). Attempts were made to make methodological advancements in the current
study. The task itself is a major methodological contribution to the psychoendocrinology and
SAD literatures. A call was made by one of the leaders of psychoendocrinology research
suggesting that in order to elicit anticipatory cortisol hyper-reactivity among the pathologically
anxious, researchers should utilize tasks that are familiar to participants (Gunnar, 2001 ). The
current study addressed this call by constructing a conflict negotiation task focusing on a
previously discussed, but unresolved, issue between couples. Although the current study did
not find cortisol anticipatory hyper-reactivity for the SAD group, the SAD participants did
distinguish themselves by displaying significant anticipatory cortisol reactivity to this task.
Despite its relevance, to this author’s knowledge, no other studies have utilized an
interpersonal stress task for the study of HPA functioning in persons diagnosed with SAD.
Given one of the core symptoms of SAD is extreme fear of negative evaluation, many studies
have focused on this aspect. However, the current study not only included an evaluative
element but also required participants to engage in a task that is essentially an interpersonal
challenge. Conflict negotiation requires some level of assertiveness, which is a documented
difficulty for persons with SAD (APA, 2000). Thus, the task utilized in this study may have
uniquely tapped into the social-interpersonal difficulties for persons with SAD. It is important
to acknowledge, however, that a more pure example of an interpersonal stress task for SAD
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would have been one between strangers or peers. Also, although just the threat of negative
evaluation is meant to be a core difficulty for persons with SAD (APA, 2000), it is possible that
an in vivo evaluation may have elicited more of a stress reaction. Researchers conducting
future studies should consider these methodological factors when designing their studies.
Although within the norm for a study of this nature, one of the primary limitations of
this study was its small sample size as it is possible that stronger effects could have been
detected with a greater number of participants. However, this study attempted to compensate
for this problem by utilizing very closely matched control subjects as comparisons. Similar
studies typically have matched on gender and age or have made comparisons between a SAD
group to a "normal” group. The current study closely matched groups on several variables that
have typically been found to affect cortisol levels. To this author’s knowledge, this degree of
matching has not been accomplished by any other study in this particular literature.
There are other limitations present in the current study. Primarily due to the small
sample size, but also the need for the study to have focus, some potentially important aspects of
this study were not explored. For example, investigating if there were differences between
SAD subtypes (generalized and non-generalized) in their relations to cortisol may have proved
informative. Also including relationship-related variables into the analyses may have revealed
new information on the romantic relationships of persons with SAD. Given the dearth of
information on this topic and the difficulties they experience in relationships (e.g., Bodinger et
al., 2002), this is an ai'ea of research requiring exploration.
Another limitation is the restricted generalizability of the results of this study. Because
the sample consisted primarily of participants who were enrolled in a university and were in a
current romantic relationship, it is likely that the individuals with SAD in this sample are higher
functioning than many, particularly, patient populations. Therefore, the findings presented in
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this study may not be generalized to individuals with more severe cases of SAD. Also,
although the ethnicity of the sample is congruent to the population from which it was drawn,
the study primarily consists of Caucasian participants. Therefore, no information could be
provided on potential ethnic differences or similarities in HPA functioning or perceptions of
stress. It is important that researchers with greater access to diverse populations take care to
include a diversity of people within their study designs.
Finally, utilizing clinical diagnoses are helpful as specific benchmarks of social anxiety
in this study. However, there are many people who suffer with symptoms of social anxiety
who do not meet DSM criteria for the diagnosis of SAD. The examination of sub-clinical
levels of social anxiety may help to shed light on the HPA functioning of a greater number of
people. Therefore, future researchers should attempt to continue to investigate the HPA
functioning of individuals diagnosed with SAD but consider examining symptom-level social
anxiety as well.
Conclusion & Clinical Implications
Much of the research in HPA functioning has focused on the question of hyper- or
hypo- cortisol reactivity to a stressful event. The cun'ent study has extended this focus to
include close examinations of anticipatory cortisol reactivity and cortisol recovery to
interpersonal stress. In both cases, this study found altered HPA functioning among individuals
diagnosed with social anxiety disorder. Specifically, the group diagnosed with SAD
distinguished itself by displaying a significant elevation of cortisol in the anticipation of an
interpersonal stress task and, importantly, displayed delayed cortisol recovery from the task. In
line with previous studies, cortisol hyper-reactivity to the stress task was not found for the SAD
group. In fact, the SAD group’s cortisol levels tended to be consistently lower than the control
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group’s levels and this finding was especially pronounced for SAD males. Finally, exploratory'
analyses revealed a surprising number of positive associations between subjective accounts of
stress and cortisol reactivity and this relation was particularly pronounced for the clinical
group.
The current study is one of only a few that have investigated HPA functioning in
individuals diagnosed with SAD. Therefore, our understanding of HPA functioning in SAD is
still in its infancy and the findings of this study strongly argue for more research into this
question. Finding that individuals with SAD are likely to display delayed cortisol recovery
from psychological stress does speak directly to exposure work with patients with SAD. When
clinicians are attempting to help desensitize SAD patients to stressful situations, it will be
important for them to be mindful that these patients may take a considerable amount of time to
acclimate to a stressful situation and that this delay may be due to HPA dysfunction. Further,
the current study’s findings of a tendency for overall lower levels of cortisol and significantly
delayed cortisol recovery after psychological stress, argues for the early intervention and
treatment of those with SAD. Given the links between HPA dysfunction and chronic disease,
individuals with SAD may be at risk for the development or exacerbation of multiple health-
related problems.
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APPENDIX
TABLES AND EIGURES
Description of Cortisol Vai iables
Sample Description^
Name
1
(Entiy; Relative Baseline) Cortisol level 5-10 minutes prior to entering lab
2 Cortisol level after a vivid description
of the upcoming video-taped conflict negotiation task
1
to 2 (Anticipatory Reactivity) The change between cortisol levels in Samples 1 and
2 in response to a vivid description of the upcoming
video-taped conflict negotiation task
3 Cortisol level during the middle of the conflict
negotiation task (5-10 minutes into discussion)
1 to 3 (Reactivity) The change between cortisol levels in Samples 1 and
3 in response to paiiicipating in conflict negotiation task.
4 Cortisol level at completion of the conflict
negotiation task (0-5 minutes after the end of the task)
1 to 4 (Completion) The difference between Samples 1 and 4
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Continued; Description of Cortisol Variables
Sample Description®
Name
5 Cortisol level 10-15 minutes after the end
of the task
1 to 5 (Recoveiy) The difference between Samples 1 and 5; measuring
recovery
6 Cortisol level 25-30 minutes after the end
of the task
1 to 6 (Recovery) The difference between Samples 1 and 6; measuring
recovery
7 Cortisol level 40-45 minutes after the end
of the task
1 to 7 (Recovery) The difference between Samples 1 and 7; study’s
measurement of final recovery
Note. ^ Description of approximate time cortisol was released from the adrenal gland in reaction to the
stressor.
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Participants’ Untransformed Mean Cortisol Levels (pg/dl) for Seven Saliva Samples (N = 36^)
M SD
Clinicals’ Sample
1 (Entiy) .166 .072
2 (Anticipation) .204 .126
3 (Reactivity) .200 .137
4 (Completion) .210 .170
5 (Recovery) .179 .145
6 (Recovery) .170 .119
7 (RecoveiyO .153 .097
Controls’ Sample
1 (Entry) .257 .161
2 (Anticipation) .306 .301
3 (Reactivity) .267 .192
4 (Completion) .236 .146
5 (Recovery) .219 .178
6 (Recovery) .205 .151
7 (Recovery) .167 .103
Note. = 36 for entire sample: 18 participants per group.
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Males’ and Females’ Untransformed Mean Cortisol Levels (|J.g/dl) for Seven Saliva Samples
(N = 36).
Males
M
(n = 14") Females (n
M
= 22)
Clinicals’ Sample
1 (Entry) .144 .054 .181 .080
2 (Anticipation) .162 .038 .230 .156
3 (Reactivity) .172 .044 .218 .173
4 (Completion) .162 .045 .241 .214
5 (Recovery) .127 .045 .211 .178
6 (Recovery) .122 .055 .201 .140
7 (Recovery) .110 .043 .180 .113
Controls’ Sample
1 (Entry) .292 .152 .234 .170
2 (Anticipation) .348 .247 .279 .340
3 (Reactivity) .309 .172 .241 .207
4 (Completion) .268 .116 .216 .164
5 (Recovery) .212 .123 .223 .211
6 (Recovery) .198 .087 .210 .185
7 (Recovery) .161 .059 .171 .126
Note. ^Both groups contain 7 males and 1 1 females.
80
Summary of Mixed ANOVA with Between-Subjects Variable: Sex and Repeated-Measures
Variables: Groups and Time; Dependent Variable: Cortisol Level (N = 36).
Source of
Variance
Sum of
Squares df
Mean
Square F
Between-subiects
Sex 0.000 1.000 0.000 0.000
Error 42.579 16.000 2.661
Within-subiects
Group 4.869 1.000 4.869 3.150t
Group X Sex 2.931 l.OOO 2.931 1.896
Error 24.732 16.000 1.546
Time 4.647 3.794 1.225 12.165***
Time x Sex 0.919 3.794 0.242 2.407t
Error 6.112 60.701 0.101
Group X Time 0.360 3.121 0.115 1.120
Group X Time x Sex 0.058 3.121 0.019 0.180
Error 5.137 49.940 0.103
tp<.10. *p < .05. **p<.01. ***p<.001.
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Summary of Males and Females’s Two-Factor ANOVA with Repeated-Measures Variables:
Groups and Time; Dependent Variable: Cortisol Level.
Source of
Variance
Sum of
Squares
Males (n = 14)
Mean
Square F
Within-subiects
Group 6.282 1 6.282 7.369*
Error 5.115 6 0.852
Time 3.857 3.240 1.191 8.381**
Error 2.761 19.437 0.142
Group X Time 0.183 2.338 0.078 0.649
Error 1.689 14.030 0.120
Females (n = 22)
Group 0.157 1 0.157 0.080
ErTor 19.618 10 1.962
Time 1.096 5.001 0.219 3.270**
Error 3.351 50.008 0.067
Group X Time 0.250 2.958 0.084 0.543
ErTor 3.448 29.582 0.117
tp<.10. *p < .05. **p<.01. ***p<.001.
82
Summary of Nonparametric Wilcoxon Signed-Ranks Tests for Within-Group® Differences in
Cortisol Level Between Sample One and Subsequent Samples.
Group Control
Z All (n= 18) Females (n = 11) Males (n = 7)
Pair
1 and 2 -0.762 0.000 -0.845
1 and 3 -0.109 -0.089 -0.169
1 and 4 -0.719 -0.889 0.000
1 and 5 -2.025* -0.978 -1.690t
1 and 6 -2.330* -1.334 -2.028*
1 and 7 -3.593*** -2.756** -2.366*
Clinical
1 and 2 -1.982* -1.511 -1.352
1 and 3 -1.023 -0.711 -0.845
1 and 4 -1.018 -0.561 -1.014
1 and 5 -0.022 -0.000 0.000
1 and 6 -0.355 -0.051 -0.338
1 and? -1.111 -0.445 -1.183
Note. ^Either the group of participants with social anxiety disorder and the matched control
group.
tp<.10. *p < .05. **p<.01. ***p<.001.
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Summary of Nonparametric Wilcoxon Signed-Ranks Tests for Between-Group^ Differences in
Cortisol Level among Seven Samples.
z All (n= 18) Females (n = 11) Males (n = 7)
Sample
1
-1.894t -0.356 -2.366*
2 -1.396 -0.153 -1.859t
3 -1.459 -0.445 -1.859t
4 -1.154 0.000
-1.859t
5 -1.111 -0.089
-1.690t
6 -1.067 -0.089
-1.859t
7 -0.849 -0.089 -1.690t
Note. ^Between the group of participants with social anxiety disorder and the matched control
group.
tp<.10. "^p < .05. **p<.01. ***p<.001.
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Participants’ Untransformed Mean Cortisol Level Changes (pg/dl) Between Sample One and
Each Subsequent Sample (N = 36).
M
Clinicals
1 to 2 (Anticipation) .037 .080
1 to 3 (Reactivity) .034 .117
1 to 4 (Completion) .044 .138
1 to 5 (Recovery) .012 .118
1 to 6 (Recovery) .004 .102
1 to 7 (Recovery) -.014 .084
Controls
1 to 2 (Anticipation) .049 .171
1 to 3 (Reactivity) .011 .088
1 to 4 (Completion) -.021 .092
1 to 5 (Recovery) -.038 .105
1 to 6 (Recovery) -.051 .096
1 to 7 (Recovery) -.089 .095
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Males’ and Females’ Untransformed Mean Cortisol Level Changes (jiig/dl) Between Sample
One and Each Subsequent Sample (N = 36).
Males
M
(n = 14") Females (n
M
= 22)
Clinicals
1 to 2 (Anticipation) .019 .050 .049 .095
1 to 3 (Reactivity) .028 .081 .037 .140
1 to 4 (Completion) .019 .078 .060 .167
1 to 5 (Recovery) -.016 .082 .030 .137
1 to 6 (Recovery) -.022 .087 .020 .111
1 to 7 (Recovery) -.034 .078 -.001 .089
Controls
1 to 2 (Anticipation) .056 .149 .045 .190
1 to 3 (Reactivity) .017 .117 .007 .071
1 to 4 (Completion) -.024 .134 -.019 .060
1 to 5 (Recovery) -.080 .136 -.011 .075
1 to 6 (Recovery) -.094 .130 -.024 .057
1 to 7 (Recovery) -.131 .125 -.063 .062
Note. ^Both groups contain 7 males and 1 1 females.
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Summary of Nonparametric Wilcoxon Signed-Ranks Tests for Between-Group^ Differences in
the Cortisol Level Difference Between Sample One and Each Subsequent Sample.
z All(n= 18) Females (n = 11) Males (n = 7)
Difference
Between
1 and 2 -0.849 -0.711 -0.169
1 and 3 -0.762 -0.267 -0.507
1 and 4 -1.328- -1.067 -0.845
1 and 5 -1.023 -0.356 -1.014
1 and 6 -0.849 -0.711 -0.169
1 and 7 -1.764t -1.067 -1.183
Note. ^Between the group of participants with social anxiety disorder and the matched control
group.
Tp<.10. *p < .05. **p<.01. ***p<.001.
87
Participants’ Mean Slopes Over Time and Quadratic Components of their Slopes.
Clinicals Controls
M M
AlP (n = 18)
Slope -0.012 0.053 -0.062 0.081
Quadratic Component -0.060 0.123 -0.643 0.115
Females (n= 1 1
)
Slope -0.004 0.059 -0.042 0.062
Quadratic Component -0.066 0.155 -0.048 0.106
Males (n= 7)
Slope -0.024 0.044 -0.094 0.101
Quadratic Component -0.051 0.054 -0.090 0.131
Note. ^Males and females were unseparated in this analysis.
tp<.10. *p < .05. **p<.01. ***p<.001.
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Summary of Mixed ANOVA with Between-Subjects Variable: Sex and Repeated-Measures
Variable; Group; Dependent Variable: Slope (N =36).
Source of
Variance
Sum of
Squares
Mean
Square F
Between-subiects
Sex 0.011 1 0.011 2.044
Error 0.086 16 0.005
Within-subiects
Group 0.025 1 0.025 6.675*
Group X Sex 0.002 1 0.002 0.584
Error 0.059 16 0.004
rp<.10. *p < .05. **p<.01. ***p<.001.
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Summary of Males and Females’ Repeated Measures ANOVA with Repeated-Measures
Variable: Group; Dependent Variable: Slope.
Source of
Variance
Sum of
Squares
Males (n = 14)
dL
Mean
Square F
Within-subiects
Group 0.017 1 0.017 3.186
Error 0.032 6 0.005
-
Females (n = 22)
Group 0.008 1 0.008 2.889
Error 0.027 10 0.003
tp <.10. *p < .05. **p < .01. ***p < .001.
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Summary of Repeated Measures ANOVA with Repeated-Measures Variable: Group;
Dependent Variable: Quadratic Component of the Slope (N = 36).
Source of
Variance
Sum of
Squares df
Mean
Square F
Between-subiects
Sex 0.002 1 0.002 0.101
EiTor 0.249 16 0.016
Within-subiects
Group 0.001 1 0.001 0.067
Group X Sex 0.007 1 0.007 0.512
Error 0.223 16 0.014
tp<.10. *p < .05. **p<.01. ***p<.001.
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Summary of Males and Females’s Repeated Measures ANOVA with Repeated-Measures
Variable: Group; Dependent Variable: Quadratic Component of the Slope.
Source of
Variance
Sum of
Squares
Males (n = 14)
df
Mean
Square F
Within-subiects
Group 0.005 1 0.005 0.776
Error 0.042 6 0.007
Females (n = 22)
Group 0.002 1 0.002 0.103
Error 0.181 10 0.018
j'p <.10. *p < .05. **p < .01. ***p < .001.
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Summary of Nonparametric Wilcoxon Signed-Ranks Tests for Between-Group^ Differences in
Slope and the Quadratic Component of the Slope.
z All (n= 18) Females (n = 11) Males fn = 7)
Slope -2.462* -1.779t -1.869t
Quadratic
Component -0.022 -0.356 -0.507
Note. ^Between the group of participants with social anxiety disorder and the matched control
group.
i'p<.10. *p < .05. **p<.01. ***p<.001.
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Participants’ Mean Subjective Anticipatory Stress (SAS) and Subjective Assessment of
Stressfulness of the Task Scores (SAT).
All (n=18) Females (n = 11) Males (n = 7)
Controls
M M M
SAS 0.111 1.483 -0.375 0.954 0.666 1.842
SAT 0.020 1.085 0.198 1.169 -0.248 0.982
Clinicals
SAS 0.303 0.825 0.303 0.607 0.302 1.200
SAT -0.137 0.900 -0.434 0.857 0.358 0.798
Note. All values are reported after principal components analysis was conducted on raw
scores.
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Summary of Repeated Measures ANOVA with Repeated-Measures Variable: Group;
Dependent Variable; Subjective Anticipatory Stress for All Participants and Separated for Sex.
Source of
Variance
Sum of
Squares
All (n = 28)
Mean
Square F
Within-subiects
Group 0.854 1 0.854 3.153t
Error 3.523 13 0.271
Males (n = 12)
Group 0.000 1 0.000 0.001
Error 1.733 5 0.347
Females (n = 16)
Group 1.537 1 1.537 9.722*
EiTor 1.107 7 0.158
tp<.10. "^p < .05. **p<.01. ***p<.001.
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Summary of Mixed ANOVA with Between-Subjects Variable: Sex and Repeated-Measures
Variable: Group; Dependent Variable: Subjective Assessment of Stressfulness of the Task
(N = 28).
Source of
Variance
Sum of
Squares df
Mean
Square F
Between-subiects
Sex 0.264 1 0.264 0.877
EiTor 3.608 12 0.301
Within-subiects
Group 0.309 1 0.309 0.268
Group x Sex 6.514 1 6.514 5.638^
EiTor 13.865 12 1.155
^p<.10. *p < .05. **p<.01. ***p<.001.
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Summary of Males and Females’s Repeated Measures ANOVA with Repeated-Measures
Variable: Group; Dependent Variable: Subjective Assessment of Stressfulness of the Task.
Source of
Variance
Sum of
Squares
Males (n = 10)
Mean
Square F
Within-subiects
Group 3.758 1 3.758 8.258^
Error 1.820 4 0.455
Females (n = 18)
Group 2.789 1 2.789 1.852
EiTor 12.044 8 1.506
fp <.10. *p < .05. **p < .01. ***p < .001.
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Correlations Between Seven Cortisol Samples and Subjective Anticipatory Stress (SAS) and
Subjective Assessment of Stressfulness of the Task (SAT).
Control (n = 15) Clinical (n = 16/17^)
SAS SAT SAS SAT
Cortisol
Sample
1 .257 -.164 -.211 -.255
2 .292 -.059 -.078 .091
3 .448t -.065 .272 .409
4 .374 -.104 .222 .190
5 .327 -.028 .210 .184
6 .182 -.085 .199 .174
7 .174 -.147 .159 .127
Note. ^SAS
i'p<.10. *p
N= 16; SATN =
< .05. **p < .01.
17.
***p < .001.
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Correlations Between Cortisol Level Differences Between Sample One and Each Subsequent
Sample and Subjective Anticipatoiy Stress (SAS) and Subjective Assessment of Stressfulness
of the Task (SAT).
Control (n = 15) Clinical (n = 16/17")
SAS SAT SAS SAT
Difference
Between
1 and 2 .176 .173 .144 .417
1 and 3 .382 .169
.427t .575*
1 and 4 .185 .090 .4381 .418
1 and 5 .139 .223 .395 .388
1 and 6 -.126 .126 .363 .362
1 and? -.189 .058 .326 .318
Note. "SAS N = 16; SAT N = 17.
tp<.10. *p < .05. **p<.01. ***p<.001.
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Correlations Between the Slope and the Quadratic Component of Cortisol and the Subjective
Anticipatory Stress (SAS) and Subjective Assessment of Stressfulness of the Task (SAT).
Control Clinical
SAS SAT SAS SAT
All (n= 15) (n = 15) (n= 17) (n= 16)
Slope -.234 .112 .4474 .158
Quadratic
-.513t -.165 -.322 -.295
Females (n = 8) (n=9) (n= 1 1
)
(n= 10)
Slope -.144 -.103 -X-OO .077
Quadratic -.315 -.090 -.472 -.338
Males (n = 7) (n = 6) (n= 6) (n= 6)
Slope -.161 .248 .229 .892^
Quadratic -.628 -.401 -.287
-.769t
Tp<.10. p < .05. **p < .01. ***p < .001.
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Correlations Between Males’ Seven Cortisol Samples and Subjective Anticipatory Stress (SAS)
and Subjective Assessment of Stressfulness of the Task (SAT).
Control Clinical
SAS (n = 8) SAT (n = 9) SAS (n= 11) SAT(n= 10)
Cortisol
Sample
1 .111 -.497 -.557 -.445
2 .111 -.310 -.700 .704
3 .467 .038 .037 .850*
4 .316 -.124 .021 .957**
5 .296 -.183 -.074 947 **
6 -.059 -.429 -.071 979**
7 -.144 -.566 -.152 939**
tp<.10. *p < .05. **p<.01. ***p<.001.
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Correlations Between Males' Cortisol Level Differences Between Sample One and Each
Subsequent Sample and Subjective Anticipatoiy Stress (SAS) and Subjective Assessment of
Stressfulness of the Task (SAT).
Control Clinical
SAS (n = 7) SAT (n = 6) SAS (n = 6) SAT (n = 6)
Difference
Between
1 and 2 .032 .317 .022 .707
1 and 3 .529 .7994 .405 .730
1 and 4 .176 .552 .381 .848*
1 and 5 .239 .467 .260 .857*
1 and 6 -.213 .150 .238 .912*
1 and 7 -.296 .167 .229 .863*
tp<.10. "^p < .05. **p<.01. ***p<.001.
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i
Correlations Between Females' Seven Cortisol Samples and Subjective Anticipatory Stress
(SAS) and Subjective Assessment of Stressfulness of the Task (SAT).
Control Clinical
SAS (n = 8) SAT (n = 9) SAS (n = 1 1
)
SAT(n = 10)
Cortisol
Sample
1 .283 .042 .006 -.110
2 .414 .138 .157 .138
3 .372 -.036 .471 .431
4 .358 -.025 .389 .164
5 .425 -.055 .436 .184
6 .409 .059 .448 .146
7 .451 .006 .403 .141
tp<.10. *p < .05. **p<.01. ***p<.001.
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Correlations Between Females’ Cortisol Level Differences Between Sample One and Each
Subsequent Sample and Subjective Anticipatory Stress (SAS) and Subjective Assessment of
Stressfulness of the Task (SAT).
Control Clinical
SAS (n = 8) SAT (n = 9 ) SAS (n = 11) SAT(n= 10)
Difference
Between
1 and 2 .465 .247 .266 .356
1 and 3 .212 -.163 .527t .549
1 and 4 .167 -.122 .546t .311
1 and 5 .378 .042 .590t .333
1 and 6 .312 .045 .5584 .274
1 and? .379 -.083 .475 .258
tp<.10. *p < .05. **p<.01. ***p<.001.
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Cortisol
ug/dl
id#
— 10 clinical
-- 1 20 matched control
Comparison of clinical and control participants’ cortisol responses over time.
105
Cortisol
ug/dl
id#
— 30 clinical
-
- 445 matched control
Comparison of clinical and control participants’ cortisol responses over time.
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Cortisol
ug/dl
id#
1 6 matched control
98 clinical
Comparison of clinical and control participants’ cortisol responses over time.
107
Cortisol
ug/dl
id#
— 141 clinical
- 287 matched control
Comparison of clinical and control participants’ cortisol responses over time.
108
Cortisol
ug/dl
Id#
— 140 clinical
-
- 236 matched control
Comparison of clinical and control participants’ cortisol responses over time.
109
Cortisol
ug/dl
id#
— 148 clinical
- 178 matched control
Comparison of clinical and control participants’ cortisol responses over time.
110
Cortisol
ug/dl
id#
•• 166 matched control
— 180 clinical
Comparison of clinical and control participants’ cortisol responses over time.
Ill
Cortisol
ug/dl
id#
— 258 clinical
-
- 264 matched control
Time
Comparison of clinical and control participants’ cortisol responses over time.
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Cortisol
ug/dl
id#
273 clinical
290 matched control
Comparison of clinical and control participants’ cortisol responses over time.
113
Cortisol
ug/dl
114
Cortisol
ug/dl
I
id#
— 280 clinical
-• 316 matched control
Time
Comparison of clinical and control participants’ cortisol responses over time.
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Cortisol
ug/dl
id#
— 249 matched control
- 31 8 clinical
Comparison of clinical and control participants' cortisol responses over time.
Cortisol
ug/dl
id#
•
• 157 matched control
— 338 clinical
Comparison of clinical and control participants’ cortisol responses over time.
117
id#
-
• 39 matched control
— 421 clinical
Comparison of clinical and control participants’ cortisol responses over time.
118
Cortisol
ug/dl
id#
•
• 26 matched control
— 424 clinical
Comparison of clinical and control participants’ cortisol responses over time.
119
id#
— 425 clinical
-
- 429 matched control
Comparison of clinical and control participants’ cortisol responses over time.
120
Cortisol
ug/dl
id#
•
• 88 matched control
— 466 clinical
Comparison of clinical and control participants’ cortisol responses over time.
121
Cortisol
ug/dl
0.350-
id#
128 matched control
— 231 clinical
0.300-
0.250-
0 .200 -
0.150-
0 . 100 -
0.050-
T \ \ 1 1 1 r
1 2 3 4 5 6 7
Time
Comparison of clinical and control participants' cortisol responses over time.
122
IGroups
"2
Mixed ANOVA depicting control and clinical groups’ cortisol levels over time.
Group 1 = Clinical Group and 2 = Control Group. See Table 1 for a description of each
measurement time.
123
Cortisol
ug/dl
Clinical Group
sex
-
- male
— female
Mixed ANOVA depicting control and clinical groups’ cortisol levels over time. See Table 1
for a description of each measurement time.
124
Cortisol
ug/dl
Control Group
I
sex
- -
male
— female
Mixed ANOVA depicting control and clinical groups’ cortisol levels over time. See Table 1
for a description of each measurement time.
125
Males
Groups
---2
ANOVA conducted for males only depicting male control and clinical groups’ cortisol levels
over time. Group 1 = Clinical Group and 2 = Control Group. See Table 1 for a description of
each measurement time.
126
Females
Groups
--•2
ANOVA conducted for females only depicting female control and clinical groups’ cortisol
levels over time. Group 1 = Clinical Group and 2 = Control Group. See Table 1 for a
description of each measurement time.
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